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
dŽƉŽůŽŐŝĐĂůůǇWƌŽƚĞĐƚĞĚsŽƌƚĞǆ^ƚƌƵĐƚƵƌĞƐƚŽZĞĂůŝǌĞ>ŽǁͲEŽŝƐĞDĂŐŶĞƚŝĐ^ĞŶƐŽƌƐ

ŝĞƚĞƌ^ƵĞƐƐϭ͕ŶƚŽŶĂĐŚůĞŝƚŶĞƌͲ,ŽĨŵĂŶŶϭ͕ƌŵŝŶ^ĂƚǌϮ͕,ĞƌďĞƌƚtĞŝƚĞŶƐĨĞůĚĞƌϭ͕ŚƌŝƐƚŽƉŚsŽŐůĞƌϭ͕
&ůŽƌŝĂŶƌƵĐŬŶĞƌϭ͕ůĂĂƐďĞƌƚϭ͕<ůĞŵĞŶƐWƌƺŐůϰ͕:ƺƌŐĞŶŝŵŵĞƌϯ͕ŚƌŝƐƚŝĂŶ,ƵďĞƌϮ͕^ĞďĂƐƚŝĂŶ>ƵďĞƌϯ͕
tŽůĨŐĂŶŐZĂďĞƌŐϯ͕dŚŽŵĂƐ^ĐŚƌĞĨůϱ͕,ƵďĞƌƚƌƺĐŬůϱ

ϭhŶŝǀĞƌƐŝƚǇŽĨsŝĞŶŶĂ͕ŚƌŝƐƚŝĂŶŽƉƉůĞƌ>ĂďŽƌĂƚŽƌǇ͕&ĂĐƵůƚǇŽĨWŚǇƐŝĐƐ͕WŚǇƐŝĐƐŽĨ&ƵŶĐƚŝŽŶĂů
DĂƚĞƌŝĂůƐ͕tćŚƌŝŶŐĞƌ^ƚƌĂƘĞϭϳ͕ϭϬϵϬsŝĞŶŶĂ͕ƵƐƚƌŝĂ
Ϯ/ŶĨŝŶĞŽŶdĞĐŚŶŽůŽŐŝĞƐ'͕^ŝĞŵĞŶƐƐƚƌĂƘĞϮ͕ϵϱϬϬsŝůůĂĐŚ͕ƵƐƚƌŝĂ
ϯ/ŶĨŝŶĞŽŶdĞĐŚŶŽůŽŐŝĞƐ'͕ŵĂŵƉĞŽŶϭͲϭϮ͕ϴϱϱϳϵEĞƵďŝďĞƌŐ͕'ĞƌŵĂŶǇ
ϰ/ŶĨŝŶĞŽŶdĞĐŚŶŽůŽŐŝĞƐ'͕tĞƌŶĞƌǁĞƌŬƐƚƌĂƐƐĞϮ͕ϵϯϬϰϵZĞŐĞŶƐďƵƌŐ͕'ĞƌŵĂŶǇ
ϱĞŶƚĞƌĨŽƌ/ŶƚĞŐƌĂƚĞĚ^ĞŶƐŽƌ^ǇƐƚĞŵƐ͕ĂŶƵďĞhŶŝǀĞƌƐŝƚǇ<ƌĞŵƐ͕sŝŬƚŽƌ<ĂƉůĂŶ^ƚƌ͘Ϯ͕ϮϳϬϬtŝĞŶĞƌ
EĞƵƐƚĂĚƚ͕ƵƐƚƌŝĂ

ďƐƚƌĂĐƚ͗DŝĐƌŽŵĂŐŶĞƚŝĐƐĞŶƐŽƌƐƉůĂǇĂŵĂũŽƌƌŽůĞƚŽǁĂƌĚƐƚŚĞŵŝŶŝĂƚƵƌŝǌĂƚŝŽŶŝŶƚŚĞŝŶĚƵƐƚƌŝĂů
ƐŽĐŝĞƚǇ͘dŚĞĂĚŽƉƚŝŽŶŽĨŶĞǁĂŶĚĞŵĞƌŐŝŶŐƐĞŶƐŽƌƚĞĐŚŶŽůŽŐŝĞƐůŝŬĞĂŶŝƐŽƚƌŽƉŝĐŵĂŐŶĞƚŽƌĞƐŝƐƚĂŶĐĞ
;DZͿ͕ŐŝĂŶƚŵĂŐŶĞƚŽƌĞƐŝƐƚĂŶĐĞ;'DZͿĂŶĚƚƵŶŶĞůŵĂŐŶĞƚŽƌĞƐŝƐƚĂŶĐĞ;dDZͿƐĞŶƐŽƌƐϭĂƌĞŵĂŝŶůǇ
ĚƌŝǀĞŶďǇƚŚĞŝƌŝŶƚĞŐƌĂďŝůŝƚǇĂŶĚĞŶŚĂŶĐĞĚƐĞŶƐŝƚŝǀŝƚǇ͘ƚƚŚĞĐŽƌĞŽĨƐƵĐŚƐĞŶƐŽƌƐ͕ĂŵŝĐƌŽƐƚƌƵĐƚƵƌĞĚ
ĨĞƌƌŽŵĂŐŶĞƚŝĐƚŚŝŶĨŝůŵĞůĞŵĞŶƚƚƌĂŶƐĚƵĐĞƐƚŚĞŵĂŐŶĞƚŝĐƐŝŐŶĂů͘^ƵĐŚĞůĞŵĞŶƚƐƵƐƵĂůůǇƐǁŝƚĐŚǀŝĂ
ŵƵůƚŝͲĚŽŵĂŝŶ͕ͲŽƌ^ͲƐŚĂƉĞĚŵĂŐŶĞƚŝǌĂƚŝŽŶƐƚĂƚĞƐĂŶĚ͕ƚŚĞƌĞĨŽƌĞ͕ŽĨƚĞŶĞǆŚŝďŝƚĂŶŽƉĞŶŶŽŶͲůŝŶĞĂƌ
ŚǇƐƚĞƌĞƐŝƐĐƵƌǀĞ͘>ŝŶĞĂƌŝƚǇĂŶĚŚǇƐƚĞƌĞƚŝĐĞĨĨĞĐƚƐ͕ĂƐǁĞůůĂƐŵĂŐŶĞƚŝĐŶŽŝƐĞĂƌĞŬĞǇĨĞĂƚƵƌĞƐŝŶƚŚĞ
ŝŵƉƌŽǀĞŵĞŶƚŽĨƐƵĐŚƐĞŶƐŽƌƐ͘,ĞƌĞ͕ǁĞƌĞƉŽƌƚŽŶƚŚĞƉŚǇƐŝĐĂůŽƌŝŐŝŶŽĨƚŚĞƐĞĚŝƐƚƵƌďŝŶŐĨĂĐƚŽƌƐĂŶĚ
ƚŚĞŝŶŚĞƌĞŶƚĐŽŶŶĞĐƚŝŽŶŽĨŶŽŝƐĞĂŶĚŚǇƐƚĞƌĞƐŝƐ͘ƌŝƚŝĐĂůŶŽŝƐĞƐŽƵƌĐĞƐĂƌĞŝĚĞŶƚŝĨŝĞĚďǇŵĞĂŶƐŽĨ
ĂŶĂůǇƚŝĐĂŶĚŵŝĐƌŽŵĂŐŶĞƚŝĐŵŽĚĞůƐ͘dŚĞĚŽŵŝŶĂŶƚŶŽŝƐĞƐŽƵƌĐĞŝƐĚƵĞƚŽŝƌƌĞƉƌŽĚƵĐŝďůĞŵĂŐŶĞƚŝĐ
ƐǁŝƚĐŚŝŶŐŽĨƚŚĞƚƌĂŶƐĚƵĐĞƌĞůĞŵĞŶƚĂƚĞǆƚĞƌŶĂůĨŝĞůĚƐĐůŽƐĞƚŽƚŚĞ^ƚŽŶĞƌʹtŽŚůĨĂƌƚŚƐǁŝƚĐŚŝŶŐĨŝĞůĚ͘
&ƵƌƚŚĞƌŵŽƌĞ͕ĂƐŽůƵƚŝŽŶŝƐƉƌĞƐĞŶƚĞĚƚŽŽǀĞƌĐŽŵĞƚŚĞƐĞůŝŵŝƚŝŶŐĨĂĐƚŽƌƐ͗ĂĚŝƐƌƵƉƚŝǀĞƐĞŶƐŽƌĚĞƐŝŐŶŝƐ
ƉƌŽƉŽƐĞĚĂŶĚĂŶĂůǇǌĞĚǁŚŝĐŚƌĞĂůŝǌĞƐĂƚŽƉŽůŽŐŝĐĂůůǇƉƌŽƚĞĐƚĞĚŵĂŐŶĞƚŝĐǀŽƌƚĞǆƐƚĂƚĞϮŝŶƚŚĞ
ƚƌĂŶƐĚƵĐĞƌĞůĞŵĞŶƚ͘ŽŵƉĂƌĞĚƚŽƐƚĂƚĞŽĨƚŚĞĂƌƚƐĞŶƐŽƌƐƚŚĞƉƌŽƉŽƐĞĚƐĞŶƐŽƌůĂǇŽƵƚŚĂƐŶĞŐůŝŐŝďůĞ
ŚǇƐƚĞƌĞƐŝƐ͕ĂůŝŶĞĂƌƌĞŐŝŵĞĂďŽƵƚĂŶŽƌĚĞƌŽĨŵĂŐŶŝƚƵĚĞŚŝŐŚĞƌĂŶĚůŽǁĞƌŵĂŐŶĞƚŝĐŶŽŝƐĞŵĂŬŝŶŐƚŚĞ
ƐĞŶƐŽƌŝĚĞĂůĐĂŶĚŝĚĂƚĞĨŽƌĂƉƉůŝĐĂƚŝŽŶƐƌĂŶŐŝŶŐĨƌŽŵĂƵƚŽŵŽƚŝǀĞŝŶĚƵƐƚƌǇϯƚŽďŝŽůŽŐŝĐĂůĂƉƉůŝĐĂƚŝŽŶϰ͘
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
/ŶŵŽĚĞƌŶƐŽĐŝĞƚǇ͕ǀĂƌŝŽƵƐĂƉƉůŝĐĂƚŝŽŶƐƌĞůǇŽŶŵĂŐŶĞƚŝĐĨŽƌĐĞƐƚŽŵŽǀĞƉĂƌƚƐŝŶĞůĞĐƚƌŝĐǀĞŚŝĐůĞƐŽƌ
ŐĞŶĞƌĂƚŽƌƐĂŶĚƚŽƐƚŽƌĞĚĂƚĂŽŶŚĂƌĚĚŝƐŬƐ͘,ŽǁĞǀĞƌ͕ďĞƐŝĚĞƐƵƐŝŶŐŵĂŐŶĞƚŝĐĨŝĞůĚƐĂƐƚƌĂŶƐŵŝƚƚĞƌƐŽĨ
ŵĞĐŚĂŶŝĐĂůĨŽƌĐĞƐ͕ŽƚŚĞƌŝŵƉŽƌƚĂŶƚĂƉƉůŝĐĂƚŝŽŶƐŽĨŵĂŐŶĞƚƐŝŶǀŽůǀĞƚŚĞĚĞƚĞĐƚŝŽŶŽĨŵĂŐŶĞƚŝĐĨŝĞůĚƐ͘
dŚĞƚŽƚĂůŵĂƌŬĞƚŽĨƐĞŵŝĐŽŶĚƵĐƚŽƌŵĂŐŶĞƚŝĐĨŝĞůĚƐĞŶƐŽƌƐ͕ǁŚŝĐŚŝŶĐůƵĚĞ,Ăůů͕ŐŝĂŶƚ
ŵĂŐŶĞƚŽƌĞƐŝƐƚĂŶĐĞϱʹϳ;'DZͿ͕ĂŶŝƐŽƚƌŽƉŝĐŵĂŐŶĞƚŽƌĞƐŝƐƚĂŶĐĞϴ;DZͿ͕ĂŶĚƚƵŶŶĞůŵĂŐŶĞƚŽƌĞƐŝƐƚĂŶĐĞ
;dDZͿƐĞŶƐŽƌƐϭ͕ϳ͕ϵ͕ŝƐĂďŽƵƚϭϲϳϬDŝŽh^͕ŽĨǁŚŝĐŚƚŚĞĂƵƚŽŵŽƚŝǀĞŵĂƌŬĞƚĂĐĐŽƵŶƚƐĨŽƌĂďŽƵƚϵϯϬ
DŝŽh^ϭϬ͘KƚŚĞƌŵĂŝŶĂƉƉůŝĐĂƚŝŽŶƐĂƌĞǁŝƌĞůĞƐƐĐŽŵŵƵŶŝĐĂƚŝŽŶ;ΕϮϵϮDŝŽh^Ϳ͕ŵĂŶƵĨĂĐƚƵƌŝŶŐΘ
ƉƌŽĐĞƐƐĂƵƚŽŵĂƚŝŽŶ͕ĐŽŶƐƵŵĞƌĂƉƉůŝĂŶĐĞƐ͕ĂŶĚŵŝůŝƚĂƌǇΘĐŝǀŝůĂĞƌŽƐƉĂĐĞĂĐĐŽƵŶƚƐ͘'DZƐĞŶƐŽƌƐ
ǁĞƌĞƐƵŐŐĞƐƚĞĚĨŽƌƉŽƐŝƚŝŽŶĂŶĚƐƉĞĞĚĚĞƚĞĐƚŝŽŶŝŶŝŶĚƵƐƚƌŝĂůĂŶĚĂƵƚŽŵŽƚŝǀĞĂƉƉůŝĐĂƚŝŽŶƐϯ͕ϭϭĂŶĚ
ĂƌĞŶŽǁĂĚĂǇƐƵƐĞĚĨŽƌƚŚĞƐĞĂƉƉůŝĐĂƚŝŽŶƐǁŽƌůĚǁŝĚĞ͘^ƚŝůů͕ƚŚĞŵĂƌŬĞƚĨŽƌĂƉƉůŝĐĂƚŝŽŶŽĨǆDZ;'DZΘ
dDZͿŝƐŝŶĐƌĞĂƐŝŶŐƚƌĞŵĞŶĚŽƵƐůǇĚƵĞƚŽƚŚĞƐŵĂůůƐŝǌĞ͕ůŽǁƉŽǁĞƌĐŽŶƐƵŵƉƚŝŽŶ͕ĂŶĚDK^
ĐŽŵƉĂƚŝďŝůŝƚǇ͘EĞǀĞƌƚŚĞůĞƐƐ͕ƚŚĞƌĞĂƌĞƐŝŐŶŝĨŝĐĂŶƚŽƉĞŶƋƵĞƐƚŝŽŶƐĂŶĚĐŚĂůůĞŶŐĞƐƚŚĂƚŚĂǀĞĂůƌĞĂĚǇ
ďĞĞŶƌĞƉŽƌƚĞĚŝŶƚŚĞĞĂƌůǇǁŽƌŬƐďƵƚƚŚĂƚĂƌĞƐƚŝůůƌĞůĞǀĂŶƚŶŽǁĂĚĂǇƐ͘dŚĞŵŽƐƚŝŵƉŽƌƚĂŶƚƉƌŽƉĞƌƚŝĞƐ
ŽĨǆDZŵĂŐŶĞƚŝĐƐĞŶƐŽƌƐĂƌĞ͗;ŝͿĂůĂƌŐĞůŝŶĞĂƌƐĞŶƐŝŶŐƌĞŐŝŵĞŝŶŽƌĚĞƌƚŽƌĞůĂǆĚĞƐŝŐŶŐƵŝĚĞůŝŶĞƐĨŽƌ
ƚŚĞĨŝĞůĚͲŐĞŶĞƌĂƚŝŶŐĚĞǀŝĐĞƐ͕ƐƵĐŚĂƐƉĞƌŵĂŶĞŶƚŵĂŐŶĞƚƐ͕;ŝŝͿĂƐŵĂůůŚǇƐƚĞƌĞƐŝƐ͕ĂŶĚ;ŝŝŝͿůŽǁŶŽŝƐĞ͕
ůĞĂĚŝŶŐƚŽĂŐŽŽĚƐŝŐŶĂůͲƚŽͲŶŽŝƐĞƌĂƚŝŽ͘^ƚĂƚĞͲŽĨͲƚŚĞͲĂƌƚǆDZƐĞŶƐŽƌƐƌĞůǇŽŶƚŚĞƐŚĂƉĞĂŶŝƐŽƚƌŽƉǇŽĨ
ƚŚŝŶŵŝĐƌŽƐƚƌƵĐƚƵƌĞĚĞůůŝƉƚŝĐĂůŽƌƌĞĐƚĂŶŐƵůĂƌĞůĞŵĞŶƚƐ͕ĂƐƐĐŚĞŵĂƚŝĐĂůůǇŝůůƵƐƚƌĂƚĞĚŝŶ&ŝŐ͘ϭ;ĂͿ͘dŚĞ
ĞĂƐǇĂǆŝƐŽĨƚŚĞĨƌĞĞůĂǇĞƌ;ďůƵĞͿŝƐƉĂƌĂůůĞůƚŽƚŚĞůŽŶŐĂǆŝƐŽĨƚŚĞĞůůŝƉƚŝĐĂůƉĂƌƚŝĐůĞĚƵĞƚŽƐŚĂƉĞ
ĂŶŝƐŽƚƌŽƉǇ͘dŚĞĨƌĞĞůĂǇĞƌĂŶĚƉŝŶŶĞĚůĂǇĞƌ;ǀŝŽůĞƚͿĂƌĞƐĞƉĂƌĂƚĞĚďǇĂƐƉĂĐĞƌůĂǇĞƌ͘dŚĞƉŝŶŶĞĚůĂǇĞƌ
ŝƐŵĂŐŶĞƚŝǌĞĚŽƌƚŚŽŐŽŶĂůůǇƚŽƚŚĞůŽŶŐĂǆŝƐ͘dŚĞŵĂŐŶĞƚŝĐƐƚĂƚĞŽĨƚŚĞƉŝŶŶĞĚůĂǇĞƌŝƐƐƚĂďŝůŝǌĞĚďǇ
ĂŶƚŝĨĞƌƌŽŵĂŐŶĞƚƐ͕ƐƵĐŚĂƐWƚDŶŽƌ/ƌDŶ͘/ŶŽƌĚĞƌƚŽƌĞĚƵĐĞƚŚĞƐƚƌĂǇĨŝĞůĚŽĨƚŚĞƉŝŶŶĞĚůĂǇĞƌ͕
ƐǇŶƚŚĞƚŝĐĂŶƚŝĨĞƌƌŽŵĂŐŶĞƚƐĂƌĞƚǇƉŝĐĂůůǇƵƐĞĚϭϮ͘/ĨƚŚĞĨƌĞĞůĂǇĞƌĐĂŶďĞĚĞƐĐƌŝďĞĚďǇĂŶŝĚĞĂů
^ƚŽŶĞƌʹtŽŚůĨĂƌƚŚ;^tͿƉĂƌƚŝĐůĞǁŝƚŚŚŽŵŽŐĞŶĞŽƵƐŵĂŐŶĞƚŝǌĂƚŝŽŶ͕ƚŚĞƚƌĂŶƐĨĞƌĐƵƌǀĞŝƐƉĞƌĨĞĐƚůǇ
ůŝŶĞĂƌƵŶƚŝůƚŚĞĂŶŝƐŽƚƌŽƉǇĨŝĞůĚ,ŬŝƐƌĞĂĐŚĞĚ͘ĐŽŶǀĞŶƚŝŽŶĂůǆDZĨƌĞĞůĂǇĞƌ͕ŚŽǁĞǀĞƌ͕ƚǇƉŝĐĂůůǇ
ĞǆŚŝďŝƚĂŚǇƐƚĞƌĞƐŝƐǁŝƚŚĂĨŝŶŝƚĞĐŽĞƌĐŝǀĞĨŝĞůĚ,Đ;&ŝŐ͘ϭ;ĂͿͿ͘dŚĞƐĂƚƵƌĂƚŝŽŶĨŝĞůĚŝƐĚĞŶŽƚĞĚďǇ,Ɛ͘
ǆƉĞƌŝŵĞŶƚĂůůǇ͕ƚŚĞďĞƐƚƐŝŐŶĂůͲƚŽͲŶŽŝƐĞƌĂƚŝŽƐĂƌĞŽďƚĂŝŶĞĚďǇƵƐŝŶŐĨůƵǆĐŽŶĐĞŶƚƌĂƚŽƌƐƚŚĂƚůĞĂĚƚŽ
ŚŝŐŚĞƌƐĞŶƐŝƚŝǀŝƚǇďƵƚƌĞĚƵĐĞĚƚŚĞůŝŶĞĂƌƌĂŶŐĞϭϯ͕ϭϰ͘
/ŶĂƉƉůŝĐĂƚŝŽŶƐ͕ŵĂŐŶĞƚŝĐƐĞŶƐŽƌƐĂƌĞĞǆƉŽƐĞĚƚŽĐŽŵƉůŝĐĂƚĞĚŵĂŐŶĞƚŝĐĨŝĞůĚƉƌŽĨŝůĞƐ͘/ŶƚŚĞ
ĨŽůůŽǁŝŶŐ͕ǁĞǁŝůůĚŝƐĐƵƐƐĂƚǇƉŝĐĂůĨŝĞůĚƉƌŽĨŝůĞƚŚĂƚŽĐĐƵƌƐŝŶĂƵƚŽŵŽƚŝǀĞƉŽůĞǁŚĞĞůƐĨŽƌƐƉĞĞĚ
ĚĞƚĞĐƚŝŽŶ͘/ƚŝƐĂŶĞůůŝƉƚŝĐĂůƌŽƚĂƚŝŶŐĞǆƚĞƌŶĂůĨŝĞůĚǁŝƚŚŝŶƚŚĞƉůĂŶĞŽĨƚŚĞƐĞŶƐŽƌǁŝƚŚĨƌĞƋƵĞŶĐǇZсϮ
SĨ͗
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ƵĞƚŽƚŚĞůĂƌŐĞƐŚĂƉĞĂŶŝƐŽƚƌŽƉǇŽĨƚŚĞƐĞǀĞƌĂůͲŶĂŶŽŵĞƚĞƌͲƚŚŝĐŬĨƌĞĞůĂǇĞƌ͕ƚŚĞǌͲĐŽŵƉŽŶĞŶƚŽĨĂ
ŵĂŐŶĞƚŝĐĨŝĞůĚĐĂŶďĞŶĞŐůĞĐƚĞĚ͘/ĨƚŚĞĂŵƉůŝƚƵĚĞǇсϬ͕ĂĐŽůůŝŶĞĂƌĨŝĞůĚŝƐĂƉƉůŝĞĚĂůŽŶŐƚŚĞŚĂƌĚĂǆŝƐ
ŽĨƚŚĞĨƌĞĞůĂǇĞƌ͘dŚŝƐĚĞƐĐƌŝďĞƐƚŚĞƚǇƉŝĐĂůŽƉĞƌĂƚŝŽŶŵŽĚĞŝŶĂŚĂƌĚĚŝƐŬĚƌŝǀĞ͘ŵĂŐŶĞƚŝĐĞŶĐŽĚĞƌ
ǁŚĞĞůŐĞŶĞƌĂƚĞƐĂĨŝĞůĚƉƌŽĨŝůĞĂĐĐŽƌĚŝŶŐƚŽƋ͘;ϭͿǁŝƚŚǇтϬ͘dŚĞĂŵƉůŝƚƵĚĞƐǆĂŶĚǇĐĂŶǀĂƌǇ
ŽǀĞƌĂǁŝĚĞƌĂŶŐĞ͕ĚĞƉĞŶĚŝŶŐŽŶƚŚĞƌĞůĂƚŝǀĞƉŽƐŝƚŝŽŶŽĨƚŚĞĞŶĐŽĚĞƌǁŚĞĞůĂŶĚŵĂŐŶĞƚŝĐƐĞŶƐŽƌ͕
ŝŶĚŝǀŝĚƵĂůĂĨƚĞƌƚŚĞŝƌŵŽŶƚĂŐĞ͘ƚǇƉŝĐĂůŵŽĚĞŽĨŽƉĞƌĂƚŝŽŶŝƐƚŽĚĞƚĞĐƚƚŚĞǌĞƌŽĐƌŽƐƐŝŶŐŽĨƚŚĞ
ƌĞƐŝƐƚĂŶĐĞZŽĨƚŚĞƐĞŶƐŽƌ͕ǁŚĞƌĞZŝƐŶŽƌŵĂůŝǌĞĚƚŽнͲϭ͘/ƚŝƐŝŵƉŽƌƚĂŶƚŝŶƚŚĞĂƉƉůŝĐĂƚŝŽŶƚŚĂƚƚŚŝƐ
ǌĞƌŽĐƌŽƐƐŝŶŐ͕ĐĂƵƐĞĚďǇĂƉĞƌŝŽĚŝĐƐŚŝĨƚĨƌŽŵƚŚĞŵĂŐŶĞƚŝĐŶŽƌƚŚƚŽƐŽƵƚŚƉŽůĞĚƵĞƚŽƚŚĞƌŽƚĂƚŝŽŶŽĨ
ƚŚĞĞŶĐŽĚĞƌǁŚĞĞů͕ŝƐĂƐƌĞƉƌŽĚƵĐŝďůĞĂƐƉŽƐƐŝďůĞ͘^ŝŶĐĞƚŚĞƐůŽƉĞŽĨƚŚĞZ;ƚͿĐƵƌǀĞĂƚZсϬŝƐƉŽƐŝƚŝǀĞ
ĂŶĚŶĞŐĂƚŝǀĞ͕ǁĞĚĞŶŽƚĞƚŚŝƐǌĞƌŽĐƌŽƐƐŝŶŐǁŝƚŚĂƌŝƐŝŶŐĞĚŐĞĂŶĚĨĂůůŝŶŐĞĚŐĞ͕ƌĞƐƉĞĐƚŝǀĞůǇ͘/ŶƚŚŝƐ
ƉĂƉĞƌ͕ĂůůƉŚĂƐĞŶŽŝƐĞŝƐĞǀĂůƵĂƚĞĚĂƚƚŚĞĨĂůůŝŶŐĞĚŐĞ͘dŚĞƐƚĂŶĚĂƌĚĚĞǀŝĂƚŝŽŶŽĨƚŚĞŶŽƌŵĂůŝǌĞĚ
ƉĞƌŝŽĚůĞŶŐƚŚ͕ĂƐĚĞĨŝŶĞĚŝŶƋ͘;ϴͿ͕ŝƐĨƵƌƚŚĞƌƌĞĨĞƌƌĞĚƚŽĂƐƉŚĂƐĞŶŽŝƐĞ͘^ŝŶĐĞƚŚĞĨƌĞƋƵĞŶĐǇŽĨƚŚĞ
ǌĞƌŽĐƌŽƐƐŝŶŐŝƐƵƐĞĚƚŽĞǆƚƌĂĐƚƚŚĞƌŽƚĂƚŝŽŶƐƉĞĞĚŽĨƚŚĞǁŚĞĞů͕ƐŵĂůůƉŚĂƐĞŶŽŝƐĞŝƐƌĞƋƵŝƌĞĚĨŽƌŚŝŐŚ
ĂĐĐƵƌĂĐǇ͘
dŚĞĞǆƉĞƌŝŵĞŶƚĂůƉŚĂƐĞŶŽŝƐĞĂƐĂĨƵŶĐƚŝŽŶŽĨƚŚĞĨŝĞůĚĂŵƉůŝƚƵĚĞƐǆĂŶĚzŝƐƐŚŽǁŶŝŶ&ŝŐ͘Ϯ;ĞϭͿ͘
ĞƚĂŝůƐŽĨƚŚĞƉŚĂƐĞŶŽŝƐĞŵĞĂƐƵƌĞŵĞŶƚĂƌĞŐŝǀĞŶŝŶƚŚĞŵĞƚŚŽĚƐĞĐƚŝŽŶ͘dŚĞƐĞŶƐŽƌƐƚĂĐŬĐŽŶƐŝƐƚƐŽĨ
ĂƐǇŶƚŚĞƚŝĐĂŶƚŝĨĞƌƌŽŵĂŐŶĞƚŝĐ;^ͿƌĞĨĞƌĞŶĐĞƐǇƐƚĞŵ;ƉŝŶŶĞĚůĂǇĞƌͿŽĨƚǁŽŽ&ĞůĂǇĞƌƐƚŚĂƚĂƌĞ
ĂŶƚŝƉĂƌĂůůĞůĐŽƵƉůĞĚǀŝĂĂZƵůĂǇĞƌ͘dŚĞ^ŝƐƉŝŶŶĞĚƚŽƚŚĞĂŶƚŝĨĞƌƌŽŵĂŐŶĞƚŝĐWƚDŶůĂǇĞƌ͘ƵůĂǇĞƌŝƐ
ƵƐĞĚĂƐĂƐƉĂĐĞƌůĂǇĞƌ͘dŚĞĨƌĞĞůĂǇĞƌĐŽŶƐŝƐƚƐŽĨĂŽ&ĞͲďĂƐĞĚĂůůŽǇ͘dŚĞƐĞŶƐŽƌƐƚĂĐŬŝƐĐŽŶƚĂĐƚĞĚďǇ
ǀŝĂƐĂƐƐŚŽǁŶƐĐŚĞŵĂƚŝĐĂůůǇŝŶ&ŝŐ͘Ϯ;ǀϯͿƚŚĂƚĂƌĞĐŽŶŶĞĐƚĞĚƚŚƌŽƵŐŚƚŚĞƐƵďƐƚƌĂƚĞƚŽƚŚĞƌĞĨĞƌĞŶĐĞ
ƐǇƐƚĞŵ͘dŚĞĐƵƌƌĞŶƚĨůŽǁŝƐŝŶƉůĂŶĞƚŚĞƐĞŶƐŽƌƐƚĂĐŬ;/WͿ͘dŚĞƉŚĂƐĞŶŽŝƐĞŝƐƐŵĂůůĨŽƌůĂƌŐĞĨŝĞůĚ
ĂŵƉůŝƚƵĚĞƐǆĂŶĚǇ;ƉŽŝŶƚ;ͿŝŶĨŝŐ͘ϮͿ͘/ŶƚĞƌĞƐƚŝŶŐůǇ͕ĂůƐŽĨŽƌƐŵĂůůĨŝĞůĚĂŵƉůŝƚƵĚĞƐ͕ƚŚĞƉŚĂƐĞŶŽŝƐĞ
ŝƐƐŵĂůů;ƉŽŝŶƚ;ͿͿ͘,ŽǁĞǀĞƌ͕ĂƐƵƌƉƌŝƐŝŶŐůǇůĂƌŐĞŶŽŝƐĞĂƉƉĞĂƌƐĨŽƌŝŶƚĞƌŵĞĚŝĂƚĞĨŝĞůĚ
ĂŵƉůŝƚƵĚĞƐ;ƉŽŝŶƚ;ͿͿ͘&ŽƌĂƉĂƌƚŝĐƵůĂƌƌĞŐŝŽŶŽĨǆĂŶĚǇ͕ƚŚĞƉŚĂƐĞŶŽŝƐĞŝƐĂďŽƵƚϭϬƚŝŵĞƐŚŝŐŚĞƌ
ĐŽŵƉĂƌĞĚƚŽƚŚĞƉŚĂƐĞŶŽŝƐĞĨůŽŽƌ͘ƵĞƚŽƚŚĞƐŚĂƉĞŽĨƚŚĞƉŚĂƐĞŶŽŝƐĞƌĞŐŝŽŶŝŶ&ŝŐ͘Ϯ;ĞϭͿ͕ǁĞ
ĚĞŶŽƚĞŝƚŝŶƚŚĞĨŽůůŽǁŝŶŐĂƐƉŚĂƐĞŶŽŝƐĞĐƌŽŝƐƐĂŶƚ͘
dŚŝƐƉŚĂƐĞŶŽŝƐĞĐƌŽŝƐƐĂŶƚŝƐƚŚĞĚŽŵŝŶĂŶƚŶŽŝƐĞƐŽƵƌĐĞŽĨƐƚĂƚĞͲŽĨͲƚŚĞͲĂƌƚǆDZƐĞŶƐŽƌƐĂŶĚƚŚĞŵĂŝŶ
ůŝŵŝƚŝŶŐĨĂĐƚŽƌĐŽŶĐĞƌŶŝŶŐƚŚĞĂĐĐƵƌĂĐǇŽĨǁŚĞĞůƐƉĞĞĚƐĞŶƐŽƌƐ͘
/ŶƚŚĞĨŽůůŽǁŝŶŐ͕ǁĞǁŝůůĞůƵĐŝĚĂƚĞƚŚĞŽƌŝŐŝŶŽĨƚŚŝƐŶŽŝƐĞƐŽƵƌĐĞĂŶĚƐŚŽǁƚŚĂƚƉŚĂƐĞŶŽŝƐĞŝƐĂ
ĨƵŶĚĂŵĞŶƚĂůƉƌŽƉĞƌƚǇŽĨŵŝĐƌŽƐƚƌƵĐƚƵƌĞĚŵĂŐŶĞƚŝĐĞůĞŵĞŶƚƐǁŝƚŚĂŚŽŵŽŐĞŶĞŽƵƐŵĂŐŶĞƚŝǌĂƚŝŽŶ

ĞǆƉŽƐĞĚƚŽĞǆƚĞƌŶĂůĨŝĞůĚƐǁŝƚŚĂĐĞƌƚĂŝŶƌŽƚĂƚŝŽŶĂůĨŝĞůĚƐƚƌĞŶŐƚŚ͘

Ϯ͘ WŚĂƐĞŶŽŝƐĞĚƵĞƚŚĞƌŵĂůĨůƵĐƚƵĂƚŝŽŶƐ͗^ƚŽŶĞƌtŽŚůĨĂƌƚŚĞůĞŵĞŶƚ

/ŶŽƌĚĞƌƚŽƐŝŵƵůĂƚĞƚŚĞƐǁŝƚĐŚŝŶŐďĞŚĂǀŝŽƌĂƚĨŝŶŝƚĞƚĞŵƉĞƌĂƚƵƌĞ͕ǁĞƵƐĞĂŬŝŶĞƚŝĐDŽŶƚĞĂƌůŽ
ĂƉƉƌŽĂĐŚ͕ϭϱ͕ϭϲǁŚŝĐŚŝƐĞǆƉůĂŝŶĞĚŝŶĚĞƚĂŝůŝŶƚŚĞŵĞƚŚŽĚƐĞĐƚŝŽŶ͘dŚŝƐƉƌŽĐĞĚƵƌĞĐĂŶďĞƵƐĞĚŝŶŽƌĚĞƌ
ƚŽĐĂůĐƵůĂƚĞDǆ;ƚͿĨŽƌĚŝĨĨĞƌĞŶƚĨŝĞůĚĂŵƉůŝƚƵĚĞƐǆĂŶĚǇ͘/Ŷ&ŝŐ͘ϯ;ĂͲĐͿ͕ƚŚĞďůƵĞĐƵƌǀĞƐƐŚŽǁƚŚĞ
Dǆ;,ǆͿƌĞƐƉŽŶƐĞĨŽƌƚŚƌĞĞĚŝĨĨĞƌĞŶƚĨŝĞůĚƐƚƌĞŶŐƚŚƐŽĨƚŚĞƌŽƚĂƚŝŶŐĨŝĞůĚĐĂůĐƵůĂƚĞĚǁŝƚŚƚŚŝƐŵĞƚŚŽĚ͘
&ŽƌƚŚĞ^tƉĂƌƚŝĐůĞ͕ĂŶĂŶŝƐŽƚƌŽƉǇĨŝĞůĚ,ŬсϭϬŵdŝƐĂƐƐƵŵĞĚ͕ĂŶĚƚŚĞĞĂƐǇĂǆŝƐŝƐƚŝůƚĞĚďǇ]сϮΣ
ǁŝƚŚƌĞƐƉĞĐƚƚŽƚŚĞĞĂƐǇĂǆŝƐ͘dŚĞĞŶĞƌŐǇďĂƌƌŝĞƌŝŶƚŚĞ^tƉĂƌƚŝĐůĞŝƐĂƐƐƵŵĞĚƚŽďĞ  BE k T'  
͘&ŝŐ͘ϯ;ĂͿƐŚŽǁƐƚŚĞƌĞƐƉŽŶƐĞĨŽƌĂƌŽƚĂƚŝŶŐĨŝĞůĚƚŚĂƚŝƐĞŶƚŝƌĞůǇǁŝƚŚŝŶƚŚĞ^tĂƐƚƌŽŝĚ͘,ĞŶĐĞ͕ƚŚĞ
ŵĂŐŶĞƚŝĐƐƚĂƚĞƌĞŵĂŝŶƐŝŶƚŚĞƵƉƐƚĂƚĞ͕ĂŶĚĂƌĞƉƌŽĚƵĐŝďůĞƌĞƐƉŽŶƐĞĐĂŶďĞŽďƐĞƌǀĞĚ͘&ŽƌĨŝĞůĚƐƚŚĂƚ
ŝŶƚĞƌƐĞĐƚǁŝƚŚƚŚĞ^tĂƐƚƌŽŝĚ͕ĂƌĞƉƌŽĚƵĐŝďůĞǌĞƌŽĐƌŽƐƐŝŶŐŽĨDǆ;,ǆͿĐĂŶĂůƐŽďĞŽďƐĞƌǀĞĚ͕ĂƐƐŚŽǁŶ
ŝŶ&ŝŐ͘ϯ;ĐͿ͘dŚĞƐŝƚƵĂƚŝŽŶĂƚƚŚĞƉŚĂƐĞŶŽŝƐĞĐƌŽŝƐƐĂŶƚǁŚĞƌĞƚŚĞƌŽƚĂƚŝŶŐĨŝĞůĚŝƐĐůŽƐĞƚŽƚŚĞ^t
ĂƐƚƌŽŝĚŝƐƐŚŽǁŶŝŶ&ŝŐ͘ϯ;ďͿ͘dǁŽĚŝĨĨĞƌĞŶƚǌĞƌŽĐƌŽƐƐŝŶŐƐŽĨƚŚĞDǆ;,ǆͿĐƵƌǀĞĐĂŶďĞŽďƐĞƌǀĞĚ͕
ĐŽƌƌĞƐƉŽŶĚŝŶŐƚŽƚŚĞƐŝƚƵĂƚŝŽŶǁŚĞŶƚŚĞƉĂƌƚŝĐůĞŝƐŝŶƚŚĞƵƉŽƌĚŽǁŶƐƚĂƚĞ͕ƌĞƐƉĞĐƚŝǀĞůǇ͘
&ƵƌƚŚĞƌŵŽƌĞ͕ƚŚĞƚŚĞƌŵĂůůǇĂĐƚŝǀĂƚĞĚƐǁŝƚĐŚŝŶŐƉƌŽĐĞƐƐĐĂŶĐůĞĂƌůǇďĞƐĞĞŶďǇƚŚĞŝƌƌĞǀĞƌƐŝďůĞũƵŵƉ
ŝŶƚŚĞďůƵĞĐƵƌǀĞĂƚĂĚŝĨĨĞƌĞŶƚĨŝĞůĚƐƚƌĞŶŐƚŚ,ǆ͘
/ŶŽƌĚĞƌƚŽĐĂůĐƵůĂƚĞƉŚĂƐĞŶŽŝƐĞ͕ƚŚĞDǆ;ƚͿŝƐĐĂůĐƵůĂƚĞĚĨŽƌϭϬϬƌŽƚĂƚŝŽŶƐŽĨƚŚĞĞǆƚĞƌŶĂůĨŝĞůĚ͕ĂŶĚ
ƚŚĞǌĞƌŽĐƌŽƐƐŝŶŐƐŽĨDǆ;ƚͿŽĨƚŚĞĨĂůůŝŶŐĞĚŐĞĂƌĞĞǀĂůƵĂƚĞĚ͘hƐŝŶŐƚŚĞǌĞƌŽĐƌŽƐƐŝŶŐƐ͕ƚŚĞƉŚĂƐĞŶŽŝƐĞ
ŝƐĐĂůĐƵůĂƚĞĚĂĐĐŽƌĚŝŶŐƚŽƋ͘;ϴͿĨŽƌĂĨƌĞƋƵĞŶĐǇŽĨϭŬ,ǌ͘dŚĞŽďƚĂŝŶĞĚƉŚĂƐĞŶŽŝƐĞĂƐĂĨƵŶĐƚŝŽŶŽĨ
ǆĂŶĚǇŝƐƐŚŽǁŶŝŶ&ŝŐ͘Ϯ;ĞϯͿ͘dŚŝƐƉƌŽĐĞĚƵƌĞŽƉĞŶƐĂĐŽƌƌŝĚŽƌĂƚdхϬ<͕ǁŚĞƌĞƚŚĞƚŚĞƌŵĂůůǇ
ĂĐƚŝǀĂƚĞĚƐǁŝƚĐŚŝŶŐŝŶƚŽƚŚĞŽƚŚĞƌƐƚĂƚĞ;ĨƌŽŵĚŽǁŶƚŽƵƉŽƌǀŝĐĞǀĞƌƐĂͿŵĂǇŽƌŵĂǇŶŽƚŚĂƉƉĞŶ͘dŚŝƐ
ĐŽŶƚƌŝďƵƚŝŽŶŽĨƌĂŶĚŽŵŶĞƐƐĐĂŶďĞŽďƐĞƌǀĞĚĂƐƉŚĂƐĞŶŽŝƐĞ͘ƚǀĞƌǇůŽǁƚĞŵƉĞƌĂƚƵƌĞƐ͕ƚŚĞĐŽƌƌŝĚŽƌ
ŝƐǀĞƌǇƐŚĂƌƉĂŶĚĂůŵŽƐƚĐŽŝŶĐŝĚĞŶƚǁŝƚŚƚŚĞĐĂůĐƵůĂƚĞĚdсϬ<ƐǁŝƚĐŚŝŶŐƌĞůĂƚŝŽŶ͘,ŽǁĞǀĞƌ͕ǁŝƚŚƌŝƐŝŶŐ
ƚĞŵƉĞƌĂƚƵƌĞ͕ƚŚĞĐŽƌƌŝĚŽƌŝŶĐƌĞĂƐĞƐŝŶǁŝĚƚŚĂŶĚƐŚŝĨƚƐƚŽůŽǁĞƌĨŝĞůĚƐ͘
ĚĞƚĂŝůĞĚĞǆƉůĂŶĂƚŝŽŶ͕ǁŚǇƉŚĂƐĞŶŽŝƐĞŚĂƉƉĞŶƐŝŶĂ^tƉĂƌƚŝĐůĞŝƐŐŝǀĞŶŝŶƚŚĞƐƵƉƉůĞŵĞŶƚĂƌǇ
ŵĂƚĞƌŝĂůŝŶƚŚĞƐĞĐƚŝŽŶ͞&ƵŶĚĂŵĞŶƚĂůƉŚĂƐĞŶŽŝƐĞŝŶĂ^ƚŽŶĞƌͲtŽŚůĨĂƌƚŚŵŽĚĞů͘͟
/ŶƚĞƌĞƐƚŝŶŐůǇ͕ŝƚĐĂŶďĞƐĞĞŶƚŚĂƚƚŚŝƐŵŽĚĞůƋƵĂůŝƚĂƚŝǀĞůǇƐŚŽǁƐŚŝŐŚƉŚĂƐĞŶŽŝƐĞŝŶƌĞŐŝŽŶƐĐůŽƐĞƚŽ
ƚŚĞĞǆƉĞƌŝŵĞŶƚ͘/ƚĚĞŵŽŶƐƚƌĂƚĞƐƚŚĞŝŵƉŽƌƚĂŶƚŝŶƐŝŐŚƚƚŚĂƚƉŚĂƐĞŶŽŝƐĞŝƐĂŶŝŶŚĞƌĞŶƚĞĨĨĞĐƚ͕ĞǀĞŶŝŶ
ƐŝŶŐůĞĚŽŵĂŝŶƉĂƌƚŝĐůĞƐ͕ĂŶĚƚŚĂƚĨŽƌĂĨŝŶŝƚĞĂŶŐůĞďĞƚǁĞĞŶƚŚĞǇͲĂǆŝƐĂŶĚƚŚĞĞĂƐǇĂǆŝƐ͕ƉŚĂƐĞŶŽŝƐĞ
ĐĂŶŶŽƚďĞƌĞĚƵĐĞĚƚŽǌĞƌŽ͕ĞǀĞŶŝĨƚŚĞĞůĞŵĞŶƚƐĂƌĞƉĞƌĨĞĐƚůǇĨĂďƌŝĐĂƚĞĚǁŝƚŚŽƵƚĂŶǇƐƚƌƵĐƚƵƌĂů
ĚĞĨĞĐƚƐ͘&ƵƌƚŚĞƌŵŽƌĞ͕ŝƚĐĂŶďĞƐĞĞŶƚŚĂƚƚŚĞƉŚĂƐĞŶŽŝƐĞƐƉůŝƚƐŝŶƚŽƚǁŽďƌĂŶĐŚĞƐ͘dŚĞƌĞĂƐŽŶŝƐƚŚĂƚ

ĨŽƌĂĐŽŶƐƚĂŶƚǆĂŵƉůŝƚƵĚĞ͕ƚŚĞƌĞĂƌĞƚǁŽĚŝĨĨĞƌĞŶƚǇĂŵƉůŝƚƵĚĞƐƚŚĂƚƌĞƐƵůƚŝŶƌŽƚĂƚŝŶŐĨŝĞůĚƐ͕
ƚĂŶŐĞŶƚŝĂůƚŽƚŚĞ^tĂƐƚƌŽŝĚ͘dŚĞƐƉůŝƚƚŝŶŐďĞĐŽŵĞƐůĂƌŐĞƌĨŽƌƌŽƚĂƚŝŶŐĨŝĞůĚƐǁŝƚŚŚŝŐŚĞƌĂƐƉĞĐƚƌĂƚŝŽƐ
ĂŶĚǀĂŶŝƐŚĞƐĨŽƌĐŝƌĐƵůĂƌƌŽƚĂƚŝŶŐĨŝĞůĚƐ͘
&ƌŽŵĞǆƉĞƌŝŵĞŶƚƐ͕ĂƐǁĞůůĂƐĨƌŽŵƐŝŵƵůĂƚŝŽŶƐ͕ŝƚǁĂƐƐŚŽǁŶƚŚĂƚƚŚĞƉŚĂƐĞŶŽŝƐĞŽĨEĞůĞŵĞŶƚƐ WV N
ŝƐĐŽŶŶĞĐƚĞĚƚŽƚŚĞƉŚĂƐĞŶŽŝƐĞŽĨŽŶĞĞůĞŵĞŶƚ WV  ͕ĂĐĐŽƌĚŝŶŐƚŽ͗
 WW
VV  N N  ;ϮͿ
/ƚŚĂƐƚŽďĞŶŽƚĞĚƚŚĂƚƚŚĞĐĂůĐƵůĂƚĞĚƉŚĂƐĞŶŽŝƐĞŝƐĞǀĂůƵĂƚĞĚĨŽƌŽŶĞĞůůŝƉƚŝĐĂůƉĂƌƚŝĐůĞ͖ŚŽǁĞǀĞƌ͕ŝŶ
ƚŚĞĞǆƉĞƌŝŵĞŶƚ͕ƚŚĞŶƵŵďĞƌŽĨƉĂƌƚŝĐůĞƐŝƐϭϳϱϮ͘,ĞŶĐĞ͕ƚŚĞĐŽƌƌĞƐƉŽŶĚŝŶŐƉŚĂƐĞŶŽŝƐĞĨŽƌƚŚĞƐĂŵĞ
ŶƵŵďĞƌŽĨƉĂƌƚŝĐůĞƐŝƐƐŝŐŶŝĨŝĐĂŶƚůǇƐŵĂůůĞƌŝŶƚŚĞƐŝŵƵůĂƚŝŽŶ͘

ϯ͘ WŚĂƐĞŶŽŝƐĞĚƵĞƚŽĚŽŵĂŝŶƉƌŽĐĞƐƐĞƐ͗ŵŝĐƌŽŵĂŐŶĞƚŝĐŵŽĚĞů

dŚĞƉƌĞǀŝŽƵƐĚŝƐĐƵƐƐŝŽŶƐŚŽǁƐƚŚĂƚĨŽƌĂŶǇƐŝŶŐůĞĚŽŵĂŝŶƉĂƌƚŝĐůĞ͕ƉŚĂƐĞŶŽŝƐĞŝŶĞǀŝƚĂďůǇŽĐĐƵƌƐĨŽƌ
ƉĂƌƚŝĐƵůĂƌƌĂƚŝŽƐŽĨƚŚĞǆĂŶĚǇĂŵƉůŝƚƵĚĞƐ͘,ŽǁĞǀĞƌ͕ƚŚĞƉƌĞĚŝĐƚĞĚǀĂůƵĞƐĂƌĞƐŝŐŶŝĨŝĐĂŶƚůǇƐŵĂůůĞƌ
ƚŚĂŶƚŚĞĞǆƉĞƌŝŵĞŶƚĂůŵĞĂƐƵƌĞŵĞŶƚƐ͘,ĞŶĐĞ͕ŝŶƚŚĞĨŽůůŽǁŝŶŐ͕ǁĞĞǆƚĞŶĚƚŚĞŵŽĚĞů͕ƚĂŬŝŶŐŝŶƚŽ
ĂĐĐŽƵŶƚŝŶŚŽŵŽŐĞŶĞŽƵƐŵĂŐŶĞƚŝǌĂƚŝŽŶĚƵƌŝŶŐƌĞǀĞƌƐĂůƵƐŝŶŐŵŝĐƌŽŵĂŐŶĞƚŝĐƐƐŝŵƵůĂƚŝŽŶƐƵƐŝŶŐĂ
ĨŝŶŝƚĞĚŝĨĨĞƌĞŶĐĞĐŽĚĞϭϳ͕ϭϴ͘^ŝŶĐĞƚŚĞƌŽƚĂƚŝŽŶƐƉĞĞĚŝŶƚŚĞĂƉƉůŝĐĂƚŝŽŶ͕ǁŚŝĐŚŝƐŝŶƚŚĞƌĂŶŐĞŽĨƵƉƚŽ
ϭϬŬ,ǌ͕ŝƐƐŝŐŶŝĨŝĐĂŶƚůǇƐŵĂůůĞƌƚŚĂŶƚŚĞŝŶƚƌŝŶƐŝĐŵŝĐƌŽŵĂŐŶĞƚŝĐƉƌĞĐĞƐƐŝŽŶĂůĨƌĞƋƵĞŶĐǇ͕ŝƚŝƐŶŽƚ
ŶĞĐĞƐƐĂƌǇƚŽƌĞƐŽůǀĞƚŚĞĚǇŶĂŵŝĐƐŝŶƚŚĞƐŝŵƵůĂƚŝŽŶƐ͘dŚĞƐŝŵƵůĂƚŝŽŶƐƉĞĞĚĐĂŶďĞĚƌĂƐƚŝĐĂůůǇ
ŝŶĐƌĞĂƐĞĚŝĨ͕ŝŶƐƚĞĂĚŽĨƚŚĞƐŽůƵƚŝŽŶŽĨƚŚĞ>ĂŶĚĂƵʹ>ŝĨƐŚŝƚǌʹ'ŝůďĞƌƚĞƋƵĂƚŝŽŶϭϵ͕ŽŶůǇĞƋƵŝůŝďƌŝƵŵƐƚĂƚĞƐ
ĂƌĞĐĂůĐƵůĂƚĞĚďǇŵŝŶŝŵŝǌŝŶŐƚŚĞƚŽƚĂůĞŶĞƌŐǇďǇƵƐŝŶŐĂůŝŵŝƚĞĚͲŵĞŵŽƌǇƋƵĂƐŝͲEĞǁƚŽŶŵĞƚŚŽĚǁŝƚŚ
ĂďĂĐŬƚƌĂĐŬŝŶŐůŝŶĞƐĞĂƌĐŚǁŝƚŚĂŶĞǆƚƌĂƉŽůĂƚĞĚŝŶŝƚŝĂůƐƚĞƉϮϬ͘
dŚĞĨŝŶŝƚĞĚŝĨĨĞƌĞŶĐĞŝŶŵĞƐŚƐŝǌĞŝŶƚŚĞƐŝŵƵůĂƚŝŽŶŝƐϱŶŵ͘dŚĞƐĂƚƵƌĂƚŝŽŶŵĂŐŶĞƚŝǌĂƚŝŽŶŽĨ:Ɛсϭ͘ϳϱ
dǁĂƐĞǆƚƌĂĐƚĞĚĨƌŽŵƚŚĞs^DŵĞĂƐƵƌĞŵĞŶƚ͘dŚĞĞǆĐŚĂŶŐĞĐŽŶƐƚĂŶƚǁĂƐĂƐƐƵŵĞĚƚŽďĞĞǆсϭϱ
Ɖ:ͬŵ͘EŽĐƌǇƐƚĂůůŝŶĞĞĂƐǇĂǆŝƐǁĂƐĂƐƐƵŵĞĚ͘dŚĞƌŽƚĂƚŝŽŶŽĨƚŚĞĞǆƚĞƌŶĂůĨŝĞůĚŝƐƐŝŵƵůĂƚĞĚďǇ
ĚŝƐĐƌĞƚŝǌŝŶŐĂĨƵůůƌŽƚĂƚŝŽŶŝŶƚŽEƐƚĞƉƐƐŽƚŚĂƚ',ǆфϬ͘Ϭϱŵd͘&ŽƌĞĂĐŚŽĨƚŚĞƐĞEĨŝĞůĚĚŝƌĞĐƚŝŽŶƐƚŚĞ
ĞŶĞƌŐǇŝƐŵŝŶŝŵŝǌĞĚƵŶƚŝůĐŽŶǀĞƌŐĞŶĐĞǁĂƐĂĐŚŝĞǀĞĚ͕ĂƐĚĞĨŝŶĞĚŝŶZĞĨ΀ϮϬ΁͘ϭϬĨƵůůƌŽƚĂƚŝŽŶƐĂƌĞ
ƐŝŵƵůĂƚĞĚŝŶŽƌĚĞƌƚŽĞǆƚƌĂĐƚƚŚĞƉŚĂƐĞŶŽŝƐĞ͘ŶĞĚŐĞƌŽƵŐŚŶĞƐƐŝƐŝŶĐůƵĚĞĚŝŶƚŚĞƐŝŵƵůĂƚŝŽŶƐďǇ
ĚŝƐĐƌĞƚŝǌŝŶŐƚŚĞĞĚŐĞŝŶƐĞŐŵĞŶƚƐŽĨϱŶŵĂŶĚƌĂŶĚŽŵůǇĚŝƐƉůĂĐŝŶŐƚŚĞƌĞƐƉĞĐƚŝǀĞƐĞŐŵĞŶƚũŽŝŶƚƐ
ĂůŽŶŐƚŚĞĞĚŐĞŶŽƌŵĂů͕ĂĐĐŽƌĚŝŶŐƚŽĂŶŽƌŵĂůĚŝƐƚƌŝďƵƚŝŽŶǁŝƚŚĂƐƚĂŶĚĂƌĚĚĞǀŝĂƚŝŽŶŽĨϱŶŵ͘/Ŷ&ŝŐ͘
ϯ;ĂͲĐͿ͕ƚŚĞDǆ;,ǆͿƌĞƐƉŽŶƐĞŽĨƚŚĞŵŝĐƌŽŵĂŐŶĞƚŝĐƐŝŵƵůĂƚŝŽŶƐŝƐƐŚŽǁŶĨŽƌƚŚƌĞĞĚŝƐƚŝŶĐƚĐĂƐĞƐ͗;ĂͿ
ĨŝĞůĚƐƐŵĂůůĞƌƚŚĂŶƚŚĞƉŚĂƐĞŶŽŝƐĞĐƌŽŝƐƐĂŶƚ͕;ďͿĨŝĞůĚƐĂƚƚŚĞƉŚĂƐĞŶŽŝƐĞĐƌŽŝƐƐĂŶƚ͕ĂŶĚ;ĐͿĨŝĞůĚƐ
ůĂƌŐĞƌƚŚĂŶƚŚĞƉŚĂƐĞŶŽŝƐĞĐƌŽŝƐƐĂŶƚ͘&ŽƌĨŝĞůĚĐĂƐĞƐ;ĂͿĂŶĚ;ĐͿ͕ƚŚĞĞǆƉĞĐƚĞĚƌĞƐƉŽŶƐĞŝƐŽďƚĂŝŶĞĚ͕

ǁŚŝĐŚƋƵĂůŝƚĂƚŝǀĞůǇĂŐƌĞĞƐǁĞůůǁŝƚŚƚŚĞ^tŵŽĚĞůĂŶĚĂůƐŽǁŝƚŚƚŚĞĞǆƉĞƌŝŵĞŶƚĂůůǇŽďƚĂŝŶĞĚĚĂƚĂ
;ŐƌĞĞŶͿ͘
ǀĞƌǇŝŶƚĞƌĞƐƚŝŶŐĞĨĨĞĐƚĐĂŶďĞŽďƐĞƌǀĞĚĨŽƌƚŚĞŝŶƚĞƌŵĞĚŝĂƚĞĨŝĞůĚƐƚƌĞŶŐƚŚĐĂƐĞ;ďͿ͘ůƚŚŽƵŐŚƚŚĞ
ƐŝŵƵůĂƚŝŽŶƐĂƌĞƉĞƌĨŽƌŵĞĚĂƚdсϬ<ĂŶĚŶŽƐƚŽĐŚĂƐƚŝĐƌĂŶĚŽŵĨŝĞůĚƐĂƌĞŝŶĐůƵĚĞĚ͕Dǆ;,ǆͿŝƐŶŽƚ
ŝĚĞŶƚŝĐĂůĨŽƌĐŽŶƐĞĐƵƚŝǀĞĨŝĞůĚĐǇĐůĞƐ͘
/ŶŽƌĚĞƌƚŽĞůƵĐŝĚĂƚĞƚŚĞŽƌŝŐŝŶŽĨƚŚŝƐŶŽŶƌĞƉƌŽĚƵĐŝďůĞƌĞƐƉŽŶƐĞĂĨƚĞƌĞĂĐŚĨŝĞůĚĐǇĐůĞ͕ƚŚĞ
ŶŽƌŵĂůŝǌĞĚŵĂŐŶĞƚŝǌĂƚŝŽŶŵǆĂůŽŶŐƚǁŽĐŽŶƐĞĐƵƚŝǀĞƌŽƚĂƚŝŶŐĨŝĞůĚĐǇĐůĞƐĂƌĞƐŚŽǁŶŝŶ&ŝŐ͘ϰ;ĂͿ͘dŚĞ
ĐŽƌƌĞƐƉŽŶĚŝŶŐŵŝĐƌŽŵĂŐŶĞƚŝĐƐƚĂƚĞƐĂƌĞƐŚŽǁŶŝŶ&ŝŐ͘ϰ;ďͿ͘dŚĞĨŝƌƐƚĂŶĚƐĞĐŽŶĚĨŝĞůĚĐǇĐůĞƐĂƌĞ
ĚĞŶŽƚĞĚǁŝƚŚ;ͿĂŶĚ;Ϳ͕ƌĞƐƉĞĐƚŝǀĞůǇ͘ĐĐŽƌĚŝŶŐƚŽƚŚĞDǆ;,ǆͿĐƵƌǀĞŽĨ&ŝŐ͘ϰ͕;ĂͿƚŚĞƐƚĂƚĞƐϭĂŶĚ
ϭŚĂǀĞĂŶĂůŵŽƐƚŝĚĞŶƚŝĐĂůDǆ͘/ŶĚĞĞĚ͕ďǇĐŽŵƉĂƌŝŶŐƚŚĞǆĂŶĚǇĐŽŵƉŽŶĞŶƚƐŽĨƚŚĞŵĂŐŶĞƚŝǌĂƚŝŽŶ
ŽĨƐƚĂƚĞϭĂŶĚϭ͕ŶŽĚŝĨĨĞƌĞŶĐĞĐĂŶďĞŽďƐĞƌǀĞĚŝŶƚŚĞĐŽůŽƌĐŽĚĞ͘ĚĞƚĂŝůĞĚǀŝĞǁŽĨƚŚĞ
ŵĂŐŶĞƚŝǌĂƚŝŽŶŽĨƐƚĂƚĞϭŝƐƐŚŽǁŶŝŶƚŚĞƐƵƉƉůĞŵĞŶƚĂƌǇŵĂƚĞƌŝĂů͘/ŶŽƌĚĞƌƚŽĐůĞĂƌůǇǀŝƐƵĂůŝǌĞĂŶǇ
ĚŝĨĨĞƌĞŶĐĞŝŶƚŚĞŵĂŐŶĞƚŝĐƐƚĂƚĞƐ͕ƚŚĞůŽĐĂůĚŝĨĨĞƌĞŶĐĞŝŶƚŚĞŵĂŐŶĞƚŝǌĂƚŝŽŶŝƐĐĂůĐƵůĂƚĞĚĂĐĐŽƌĚŝŶŐƚŽ͗
  A BDiff 0 0  ;ϯͿ
dŚĞĚŝĨĨĞƌĞŶĐĞŝŶƚŚĞƐĞƚǁŽƐƚĂƚĞƐŝƐƐŚŽǁŶŝŶƚŚĞůĂƐƚĐŽůƵŵŶŽĨ&ŝŐ͘ϰ;ďͿ͘dŚĞƐĐĂůŝŶŐĐŽůŽƌĐŽĚĞŝŶ
ƚŚĞƉůŽƚƐŚŽǁŝŶŐƚŚĞĚŝĨĨĞƌĞŶĐĞŝƐĂƌďŝƚƌĂƌŝůǇĐŚŽƐĞŶ͕ŝŶŽƌĚĞƌƚŽĐůĞĂƌůǇǀŝƐƵĂůŝǌĞƚŚĞĚŝĨĨĞƌĞŶĐĞ͘/ƚĐĂŶ
ďĞƐĞĞŶƚŚĂƚĚŝĨĨĞƌĞŶƚƌĞƐŝĚƵĂůĚŽŵĂŝŶƐĂƚƚŚĞƚŽƉĂŶĚďŽƚƚŽŵŽĨƚŚĞĞůůŝƉƚŝĐĂůƉĂƌƚŝĐůĞŽĐĐƵƌ͘dŚŝƐ
ǀĞƌǇƐŵĂůůĚŝĨĨĞƌĞŶĐĞŝŶƚŚĞŵĂŐŶĞƚŝǌĂƚŝŽŶŝƐƐƵĨĨŝĐŝĞŶƚ͕ĨŽƌƐƚĂƚĞƐϮĂŶĚϮƚŽĨŽůůŽǁĐŽŵƉůĞƚĞůǇ
ĚŝĨĨĞƌĞŶƚďƌĂŶĐŚĞƐ͕ĂƐƐŚŽǁŶŝŶ&ŝŐ͘ϰ;ĂͿ͘dŚĞĐŽƌƌĞƐƉŽŶĚŝŶŐŵĂŐŶĞƚŝĐƐƚĂƚĞƐĂƌĞƐŚŽǁŶŝŶ&ŝŐ͘ϰ;ďͿ
ŝŶƚŚĞƐĞĐŽŶĚƌŽǁ͘ĨƚĞƌƚŚĞǆĐŽŵƉŽŶĞŶƚŽĨƚŚĞƌŽƚĂƚŝŶŐĨŝĞůĚƌĞĂĐŚĞƐĂďŽƵƚͲϮ͘ϱŵd͕ƚŚĞƚǁŽ
ďƌĂŶĐŚĞƐŵĞƌŐĞƚŽƚǁŽĂůŵŽƐƚŝĚĞŶƚŝĐĂůůŽŽƉƐĂŐĂŝŶ͘,ŽǁĞǀĞƌ͕ĂĚĞƚĂŝůĞĚŝŶƐƉĞĐƚŝŽŶŽĨƚŚĞŵĂŐŶĞƚŝĐ
ƐƚĂƚĞƐϰĂŶĚϰƐŚŽǁƐĚŝĨĨĞƌĞŶƚƌĞƐŝĚƵĂůĚŽŵĂŝŶƐĂŐĂŝŶ͘ƐĂĐŽŶƐĞƋƵĞŶĐĞ͕ƚŚĞƚŚŝƌĚůŽŽƉ;ŶŽƚ
ƐŚŽǁŶͿŝƐĂŐĂŝŶĚŝĨĨĞƌĞŶƚĨƌŽŵƚŚĞƐĞĐŽŶĚůŽŽƉ͕ƐŝŶĐĞƚŚĞŝŶŝƚŝĂůƐƚĂƚĞĂĨƚĞƌŽŶĞĨƵůůƌŽƚĂƚŝŽŶŝƐŶŽƚ
ĞǆĂĐƚůǇƚŚĞƐĂŵĞ͘
ƵĞƚŽƚŚĞĚŝĨĨĞƌĞŶƚDǆ;,ǆͿƌĞƐƉŽŶƐĞƐĂĨƚĞƌĞĂĐŚĐǇĐůĞ͕ƚŚĞǌĞƌŽĐƌŽƐƐŝŶŐƐŽĨƚŚĞDǆ;,ǆͿůŽŽƉĂůƐŽ
ǀĂƌǇ͘ƐĂĐŽŶƐĞƋƵĞŶĐĞ͕ƚŚĞǀĞƌǇŝŶƚĞƌĞƐƚŝŶŐĞĨĨĞĐƚĐĂŶďĞŽďƐĞƌǀĞĚƚŚĂƚƉŚĂƐĞŶŽŝƐĞŽĐĐƵƌƐ͕ĂƐ
ƐŚŽǁŶŝŶ&ŝŐ͘Ϯ;ďͿ͕ŝŶƌĞŐŝŽŶƐƚŚĂƚƌĞƐĞŵďůĞƚŚĞĞǆƉĞƌŝŵĞŶƚĂůůǇŽďƚĂŝŶĞĚƉŚĂƐĞŶŽŝƐĞĐƌŽŝƐƐĂŶƚ͘&Žƌ
ůĂƌŐĞƌĂƉƉůŝĞĚĨŝĞůĚƐ͕ƚŚĞƉŚĂƐĞŶŽŝƐĞǀĂŶŝƐŚĞƐ͕ǁŚŝĐŚŝƐĂƚƚƌŝďƵƚĞĚƚŽƌĞƉƌŽĚƵĐŝďůĞĂŶĚŝĚĞŶƚŝĐĂůŝŶŝƚŝĂů
ƐƚĂƚĞƐĂĨƚĞƌĞĂĐŚĨŝĞůĚĐǇĐůĞ͕ƐŝŶĐĞƚŚĞĨŝĞůĚŝƐůĂƌŐĞĞŶŽƵŐŚƚŽĂŶŶŝŚŝůĂƚĞĂŶǇƌĞƐŝĚƵĂůĚŽŵĂŝŶƐŽƌĞĚŐĞ
ĚŽŵĂŝŶƐ͘
ŶŽƚŚĞƌǀĞƌǇĞǆĐŝƚŝŶŐĞĨĨĞĐƚĐĂŶďĞŽďƐĞƌǀĞĚŝŶƚŚĞŵŝĐƌŽŵĂŐŶĞƚŝĐƐŝŵƵůĂƚŝŽŶƐ͕ĂƐǁĞůůĂƐŝŶƚŚĞ
ĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂ͘dŚĞŚǇƐƚĞƌĞƐŝƐŝŶƚŚĞDǆ;,ǆͿůŽŽƉŝƐůĂƌŐĞƌĨŽƌƚŚĞŝŶƚĞƌŵĞĚŝĂƚĞĨŝĞůĚƐƚĂƚĞ

ĐŽŵƉĂƌĞĚƚŽƚŚĞĐĂƐĞŽĨƚŚĞůĂƌŐĞĨŝĞůĚ͘dŚĞƐĞƌĞƐƵůƚƐƐƵŐŐĞƐƚƚŚĂƚĂŵŝŶŽƌŚǇƐƚĞƌĞƐŝƐůŽŽƉĐĂŶ
ŝŶƚĞƌƐĞĐƚƚŚĞŽƵƚĞƌŚǇƐƚĞƌĞƐŝƐ͕ĂƐǁĂƐĂůƐŽƌĞƉŽƌƚĞĚŝŶŵŝĐƌŽŵĂŐŶĞƚŝĐƐŝŵƵůĂƚŝŽŶƐŝŶZĞĨ΀Ϯϭ΁͘
dŽƐƵŵŵĂƌŝǌĞďŽƚŚŵŽĚĞůƐ͕ƚŚĞ^tŵŽĚĞů͕ĂŶĚƚŚĞŵŝĐƌŽŵĂŐŶĞƚŝĐƐŝŵƵůĂƚŝŽŶƐ͕ĂĐůĞĂƌŽƌŝŐŝŶŽĨƚŚĞ
ŽďƐĞƌǀĞĚƉŚĂƐĞŶŽŝƐĞĨŽƌŝŶƚĞƌŵĞĚŝĂƚĞĨŝĞůĚƐĐĂŶďĞĨŽƵŶĚ͘/ƚŝƐĚƵĞƚŽŶŽŶͲƌĞƉƌŽĚƵĐŝďůĞƐǁŝƚĐŚŝŶŐŽĨ
ƚŚĞĨƌĞĞůĂǇĞƌŵĂŐŶĞƚŝǌĂƚŝŽŶ͘^ŝŶĐĞƚŚĞŽƌŝŐŝŶŽĨƚŚŝƐƐŝŐŶŝĨŝĐĂŶƚŶŽŝƐĞƐŽƵƌĐĞŝƐĨŽƵŶĚ͕ŶŽǁĂ
ĚŝƐƌƵƉƚŝǀĞĨƌĞĞůĂǇĞƌĚĞƐŝŐŶ͕ƚŚĂƚŝƐĚŝĨĨĞƌĞŶƚƚŽƐƚĂƚĞͲŽĨͲƚŚĞͲĂƌƚ͕ŝƐƉƌŽƉŽƐĞĚĂŶĚĚŝƐĐƵƐƐĞĚŝŶƚŚĞ
ĨŽůůŽǁŝŶŐ͘

ϰ͘ ^ĞŶƐŽƌǁŝƚŚĂŵĂŐŶĞƚŝĐǀŽƌƚĞǆƐƚĂƚĞŝŶƚŚĞĨƌĞĞůĂǇĞƌ

/ƚŝƐǁĞůůŬŶŽǁŶƚŚĂƚƚŚŝŶƐŽĨƚŵĂŐŶĞƚŝĐĞůĞŵĞŶƚƐŝŶƚŚĞŵŝĐƌŽŵĞƚĞƌĂŶĚƐƵďŵŝĐƌŽŵĞƚĞƌƌĞŐŝŵĞĨŽƌŵ
ĨůƵǆĐůŽƐƵƌĞƐƚĂƚĞƐ͕ƐƵĐŚĂƐ>ĂŶĚĂƵƉĂƚƚĞƌŶƐϮϮ͕Ϯϯ͘dŚĞƐĞŵĂŐŶĞƚŝĐƐƚƌƵĐƚƵƌĞƐĂƌĞĐŚĂƌĂĐƚĞƌŝǌĞĚďǇ
ƉĂƌĂůůĞůŵĂŐŶĞƚŝǌĂƚŝŽŶĂƚƚŚĞďŽƵŶĚĂƌǇŽĨƚŚĞŵĂŐŶĞƚŝŶŽƌĚĞƌƚŽĂǀŽŝĚƐƚƌĂǇĨŝĞůĚƐĚƵĞƚŽŵĂŐŶĞƚŝĐ
ƐƵƌĨĂĐĞĂŶĚǀŽůƵŵĞĐŚĂƌŐĞƐ͘WŚĂƐĞĚŝĂŐƌĂŵƐŽĨĐŝƌĐƵůĂƌEŝϴϬ&ĞϭϰDŽϱŶĂŶŽŵĂŐŶĞƚƐĨĂďƌŝĐĂƚĞĚďǇŚŝŐŚͲ
ƌĞƐŽůƵƚŝŽŶĞůĞĐƚƌŽŶďĞĂŵůŝƚŚŽŐƌĂƉŚǇƐŚŽǁƚŚĞƚƌĂŶƐŝƚŝŽŶďĞƚǁĞĞŶǀŽƌƚĞǆƐƚĂƚĞƐĂŶĚƐŝŶŐůĞͲĚŽŵĂŝŶ
ƐƚĂƚĞƐϮϰ͘ŽƚŚĂŶĂůǇƚŝĐĂůƚŚĞŽƌŝĞƐĂŶĚŵŝĐƌŽŵĂŐŶĞƚŝĐƐŝŵƵůĂƚŝŽŶƐǁĞƌĞƵƐĞĚŝŶŽƌĚĞƌƚŽĐĂůĐƵůĂƚĞƚŚĞ
ƉŚĂƐĞĚŝĂŐƌĂŵƐĨƌŽŵĂƐŝŶŐůĞĚŽŵĂŝŶƚŽǀŽƌƚĞǆƐƚĂƚĞƐŝŶĐŝƌĐƵůĂƌŶĂŶŽĚŝƐŬƐϮϱ͕Ϯϲ͘DĂŐŶĞƚŝĐǀŽƌƚĞǆ
ƐƚƌƵĐƚƵƌĞƐŚĂǀĞĂƚŽƉŽůŽŐŝĐĂůĐŚĂƌŐĞŽĨŽŶĞ͕ǁŚŝĐŚƌĞƐƵůƚƐŝŶƚŽƉŽůŽŐŝĐĂůƉƌŽƚĞĐƚŝŽŶĂŐĂŝŶƐƚĂ
ƚƌĂŶƐĨŽƌŵĂƚŝŽŶƚŽĂŵĂŐŶĞƚŝĐƐƚĂƚĞǁŝƚŚƚŽƉŽůŽŐŝĐĂůĐŚĂƌŐĞǌĞƌŽ͕ƐƵĐŚĂƐƚŚĞƐŝŶŐůĞĚŽŵĂŝŶƐƚĂƚĞϮ͘
ƵĞƚŽƚŚĞƚŽƉŽůŽŐŝĐĂůƉƌŽƚĞĐƚŝŽŶ͕ǀŽƌƚĞǆƐƚƌƵĐƚƵƌĞƐĂƌĞƐƚĂďůĞĂŶĚƌŽďƵƐƚĂŐĂŝŶƐƚƚŚĞƌŵĂů
ĨůƵĐƚƵĂƚŝŽŶƐĂŶĚĞǆƚĞƌŶĂůĨŝĞůĚƐ͘dŚĞŽƵƚͲŽĨͲƉůĂŶĞƐƚƌĂǇĨŝĞůĚƐŽĨƚŚĞĐĞŶƚƌĂůǀŽƌƚĞǆĐŽƌĞĂƌĞĐŽŶĨŝƌŵĞĚ
ďǇŵĂŐŶĞƚŝĐĨŽƌĐĞŵŝĐƌŽƐĐŽƉǇϮϳ͕Ϯϴ͘dŚĞƌĞǀĞƌƐĂůŽĨƚŚĞƉĞƌƉĞŶĚŝĐƵůĂƌŵĂŐŶĞƚŝĐǀŽƌƚĞǆĐŽƌĞƐǁŝƚŚĂ
ƐŝŶƵƐŽŝĚĂůĞǆĐŝƚĂƚŝŽŶĨŝĞůĚĂƐƐŵĂůůĂƐϭ͘ϱŵdǁĂƐƌĞƉŽƌƚĞĚďǇtĂĞǇĞŶďĞƌŐĞĞƚĂů͘Ϯϵ͘DĂŐŶĞƚŝĐǀŽƌƚĞǆ
ŽƐĐŝůůĂƚŝŽŶƐǁŝƚŚĚ͘Đ͘ƐƉŝŶͲƉŽůĂƌŝǌĞĚĐƵƌƌĞŶƚƐǁĂƐƌĞƉŽƌƚĞĚŽŶĞǇĞĂƌůĂƚĞƌϯϬ͘
dŚĞŵĂŝŶŝĚĞĂŽĨƵƐŝŶŐĨůƵǆĐůŽƐƵƌĞƐƚĂƚĞƐĨŽƌƐĞŶƐŽƌĂƉƉůŝĐĂƚŝŽŶƐŝƐƚŽƵƚŝůŝǌĞǀŽƌƚĞǆĐŽƌĞ
ĚŝƐƉůĂĐĞŵĞŶƚĂƐĂĨƵŶĐƚŝŽŶŽĨƚŚĞĨŝĞůĚĂƐƚŚĞƐĞŶƐŽƌƌĞƐƉŽŶƐĞ͘/ĨĂŵĂŐŶĞƚŝĐĨŝĞůĚŝƐĂƉƉůŝĞĚ͕ƚŚĞ
ŵĂŐŶĞƚŝĐĚŽŵĂŝŶƐƚŚĂƚƉŽŝŶƚƉĂƌĂůůĞůĂŶĚĂŶƚŝͲƉĂƌĂůůĞůƚŽƚŚĞĞǆƚĞƌŶĂůĨŝĞůĚĚŝƌĞĐƚŝŽŶŝŶĐƌĞĂƐĞĂŶĚ
ĚĞĐƌĞĂƐĞŝŶƐŝǌĞ͕ƌĞƐƉĞĐƚŝǀĞůǇ͘ƐĂĐŽŶƐĞƋƵĞŶĐĞ͕ƚŚĞǀŽƌƚĞǆĐŽƌĞŝƐƐŚŝĨƚĞĚƐŵŽŽƚŚůǇ͕ĂŶĚƚŚĞĂǀĞƌĂŐĞ
ŵĂŐŶĞƚŝǌĂƚŝŽŶǁŝƚŚŝŶƚŚĞĨƌĞĞůĂǇĞƌŝƐƉƌŽƉŽƌƚŝŽŶĂůƚŽƚŚĞĞǆƚĞƌŶĂůĨŝĞůĚǀĞĐƚŽƌ͘ƐĐŚĞŵĂƚŝĐ
ŚǇƐƚĞƌĞƐŝƐůŽŽƉŽĨĂǀŽƌƚĞǆƐƚĂƚĞŝƐƐŚŽǁŶŝŶ&ŝŐ͘ϭ;ďͿ͘dŚĞŵĂŐŶĞƚŝǌĂƚŝŽŶĐŽŵƉŽŶĞŶƚŝŶƚŚĞĨŝĞůĚ
ĚŝƌĞĐƚŝŽŶŝŶĐƌĞĂƐĞƐƵŶƚŝůƚŚĞǀŽƌƚĞǆŝƐĂŶŶŝŚŝůĂƚĞĚĂƚƚŚĞĂŶŶŝŚŝůĂƚŝŽŶĨŝĞůĚ,Ă͘dŚĞƌĞƐƵůƚŝŶŐƐƚĂƚĞŝƐĂŶ
ĂůŵŽƐƚƵŶŝĨŽƌŵƐŝŶŐůĞĚŽŵĂŝŶƐƚĂƚĞǁŝƚŚƚŚĞŵĂŐŶĞƚŝǌĂƚŝŽŶƉŽŝŶƚŝŶŐŝŶƚŚĞĨŝĞůĚĚŝƌĞĐƚŝŽŶ͘/ĨƚŚĞ
ĞǆƚĞƌŶĂůĨŝĞůĚŝƐĚĞĐƌĞĂƐĞĚ͕ƚŚĞǀŽƌƚĞǆĐŽƌĞŝƐƌĞĞƐƚĂďůŝƐŚĞĚĂƚƚŚĞŶƵĐůĞĂƚŝŽŶĨŝĞůĚ,Ŷ͘'ƵƐůŝĞŶŬŽĞƚĂů͘
ĚĞǀĞůŽƉĞĚĂŶĂŶĂůǇƚŝĐĂůŵŽĚĞů;ƌŝŐŝĚǀŽƌƚĞǆŵŽĚĞůͿŝŶŽƌĚĞƌƚŽĐĂůĐƵůĂƚĞƚŚĞĂŶŶŝŚŝůĂƚŝŽŶĨŝĞůĚ͕

ŶƵĐůĞĂƚŝŽŶĨŝĞůĚ͕ĂŶĚƚŚĞŝŶŝƚŝĂůƐƵƐĐĞƉƚŝďŝůŝƚǇŽĨŵĂŐŶĞƚŝĐǀŽƌƚĞǆƐƚĂƚĞƐϯϭ͘dŚĞŝŶŝƚŝĂůƐƵƐĐĞƉƚŝďŝůŝƚǇŝƐ
ĂŶŝŵƉŽƌƚĂŶƚƉƌŽƉĞƌƚǇĨŽƌƐĞŶƐŽƌĂƉƉůŝĐĂƚŝŽŶƐ͕ďĞĐĂƵƐĞŝƚĚĞĨŝŶĞƐƚŚĞƐĞŶƐŝƚŝǀŝƚǇŽĨƚŚĞŵĂŐŶĞƚŝĐ
ƐĞŶƐŽƌ͘
/ŶŽƌĚĞƌƚŽĞǆƉůŽŝƚƚŚĞǀŽƌƚĞǆƐƚĂƚĞŝŶǆDZƐĞŶƐŽƌƐ͕ǁĞƵƚŝůŝǌĞĚƉŝŶŶĞĚůĂǇĞƌŵĂŐŶĞƚŝǌĂƚŝŽŶǁŝƚŚ
ŚŽŵŽŐĞŶĞŽƵƐŵĂŐŶĞƚŝǌĂƚŝŽŶ͕ĂƐƐŚŽǁŶŝŶ&ŝŐ͘ϭ;ďͿĂƐƌĞĨĞƌĞŶĐĞ͘ƵĞƚŽƚŚĞǆDZĞĨĨĞĐƚ͕ƚŚĞ
ƌĞƐŝƐƚĂŶĐĞŽĨƚŚĞƐĞŶƐŽƌŝƐŵŝŶŝŵĂů;ŵĂǆŝŵĂůͿŝĨƚŚĞĨƌĞĞůĂǇĞƌŵĂŐŶĞƚŝǌĂƚŝŽŶŝƐůŽĐĂůůǇƉĂƌĂůůĞů
;ĂŶƚŝƉĂƌĂůůĞůͿƚŽƚŚĞƉŝŶŶĞĚůĂǇĞƌŵĂŐŶĞƚŝǌĂƚŝŽŶ͘/Ŷ&ŝŐ͘ϱ;ĂͿ͕ƚŚĞŶŽƌŵĂůŝǌĞĚƚƌĂŶƐĨĞƌĐƵƌǀĞŽĨƚŚĞ
ĞǆƉĞƌŝŵĞŶƚĂůůǇƌĞĂůŝǌĞĚǀŽƌƚĞǆƐĞŶƐŽƌ;ƌĞĚͿŝƐĐŽŵƉĂƌĞĚǁŝƚŚƐƚĂƚĞͲŽĨͲƚŚĞͲĂƌƚǆDZƐĞŶƐŽƌƐ;ďůƵĞͿ͘
ƐŝŵŝůĂƌƐƚƌƵĐƚƵƌĞǁĂƐƵƐĞĚŝŶZĞĨ΀ϯϮ΁ŝŶŽƌĚĞƌƚŽƐƚƵĚǇƚŚĞŝŶĨůƵĞŶĐĞŽĨĞĚŐĞŝŶŚŽŵŽŐĞŶĞŝƚŝĞƐŽŶ
ǀŽƌƚĞǆŚǇƐƚĞƌĞƐŝƐĐƵƌǀĞƐŝŶŵĂŐŶĞƚŝĐƚƵŶŶĞůũƵŶĐƚŝŽŶƐ͘
dŚĞŵĂŐŶĞƚŽƌĞƐŝƐƚĂŶĐĞƌĂƚŝŽ;DZͿŽĨƚŚĞĞůůŝƉƚŝĐĂůƐĞŶƐŽƌĂŶĚǀŽƌƚĞǆƐĞŶƐŽƌŝƐDZĞůůŝƉƐĞс;ŵĂǆ;ZͿͲ
ŵŝŶ;ZͿͿͬŵŝŶ;ZͿсϭϬ͘ϳйĂŶĚDZǀŽƌƚĞǆсϱ͘ϲй͕ƌĞƐƉĞĐƚŝǀĞůǇ͘dŚĞƐŵĂůůĞƌDZƌĂƚŝŽŽĨƚŚĞǀŽƌƚĞǆƐĞŶƐŽƌ
ĐĂŶďĞĂƚƚƌŝďƵƚĞĚƚŽƚŚĞƚŚŝĐŬĞƌĨƌĞĞůĂǇĞƌ͕ǁŚŝĐŚĂĐƚƐĂƐĂƉĂƌĂůůĞůƌĞƐŝƐƚĂŶĐĞĂŶĚƌĞĚƵĐĞƐƚŚĞ
ŝŶƚĞƌĨĂĐŝĂů'DZĞĨĨĞĐƚ͘
ŶŝŵƉŽƌƚĂŶƚƉƌŽƉĞƌƚǇŽĨƚŚĞǀŽƌƚĞǆƐĞŶƐŽƌŝƐƚŚĞůŝŶĞĂƌƌĂŶŐĞǁŚŝĐŚŝƐĞŶŚĂŶĐĞĚďǇĂĨĂĐƚŽƌŽĨϳ
ĐŽŵƉĂƌĞĚƚŽƚŚĞĞůůŝƉƚŝĐĂůƐĞŶƐŽƌdŚĞǀŽƌƚĞǆƐĞŶƐŽƌĐŽŵƉůĞƚĞƐƚŚĞǀŽƌƚĞǆŶƵĐůĞĂƚŝŽŶĂƚĂĨŝĞůĚŽĨ
ͮPϬ,ǆͮфϮϯŵd͘^ŝŶĐĞƚŚĞƐĞŶƐŽƌĐŽŶƐŝƐƚƐŽĨϮϯϱϱĚŝƐŬƐƚƌƵĐƚƵƌĞƐ͕ƚŚĞƌŵĂůĞĨĨĞĐƚƐ͕ĂƐǁĞůůĂƐ
ƐƚƌƵĐƚƵƌĂůǀĂƌŝĂƚŝŽŶƐ͕ůĞĂĚƚŽĂĚŝƐƚƌŝďƵƚŝŽŶŽĨƚŚĞŶƵĐůĞĂƚŝŽŶĨŝĞůĚƐ͘
dŚĞǀŽƌƚĞǆƐĞŶƐŽƌŝƐĂůƐŽƐƵƉĞƌŝŽƌƚŽƚŚĞĞůůŝƉƚŝĐĂůƐĞŶƐŽƌĐŽŶĐĞƌŶŝŶŐŚǇƐƚĞƌĞƐŝƐ͘tŚŝůĞƚŚĞĞůůŝƉƚŝĐĂů
ƐĞŶƐŽƌŚĂƐĂĨŝŶŝƚĞĐŽĞƌĐŝǀĞĨŝĞůĚŽĨPϬ,Đсϭ͘Ϯŵd͕ƚŚĞŚǇƐƚĞƌĞƐŝƐŽĨƚŚĞǀŽƌƚĞǆƐĞŶƐŽƌŝƐǀĂŶŝƐŚŝŶŐůǇ
ƐŵĂůůĂŶĚŝŶƚŚĞƌĂŶŐĞŽĨŵĞĂƐƵƌĞŵĞŶƚŶŽŝƐĞ͘
dŚĞŽƌŝŐŝŶĂůŵŽƚŝǀĂƚŝŽŶŽĨƚŚĞǀŽƌƚĞǆƐƚƌƵĐƚƵƌĞǁĂƐƚŽƵƚŝůŝǌĞƚŚĞƐƚĂďůĞĨůƵǆĐůŽƐƵƌĞĐŽŶĨŝŐƵƌĂƚŝŽŶĂƐĂ
ĐŽŶĐĞƉƚƚŽƌĞĚƵĐĞƉŚĂƐĞŶŽŝƐĞ͘dŚĞŵĞĂƐƵƌĞŵĞŶƚƐĨŽƌĂůůŝŶǀĞƐƚŝŐĂƚĞĚǀŽƌƚĞǆƐƚƌƵĐƚƵƌĞƐƐŚŽǁƚŚĂƚ
ƉŚĂƐĞŶŽŝƐĞŝŶĚĞĞĚǀĂŶŝƐŚĞƐ͘ŶĞǆĂŵƉůĞŽĨĂƉŚĂƐĞŶŽŝƐĞŵĞĂƐƵƌĞŵĞŶƚŝƐĚĞƉŝĐƚĞĚŝŶ&ŝŐ͘Ϯ;ǀϭͿ͘
dŚĞǀĂŶŝƐŚŝŶŐƉŚĂƐĞŶŽŝƐĞĂůƐŽĂŐƌĞĞƐǁŝƚŚƚŚĞĞǆƉĞĐƚĞĚďĞŚĂǀŝŽƌĨƌŽŵƚŚĞŽƌǇĂŶĚƐŝŵƵůĂƚŝŽŶƐ;ƐĞĞ
&ŝŐ͘Ϯ;ǀϮͿͿ͕ǁŚŝĐŚĚŽŶŽƚƉƌĞĚŝĐƚĂŶǇƉŚĂƐĞŶŽŝƐĞ͕ĞŝƚŚĞƌ͘
^ŝŶĐĞƚŚĞĚŽŵŝŶĂŶƚŶŽŝƐĞƐŽƵƌĐĞ͕ǁŚŝĐŚŽƌŝŐŝŶĂƚĞƐĨƌŽŵƐǁŝƚĐŚŝŶŐƉƌŽĐĞƐƐĞƐŝŶƚŚĞĨƌĞĞůĂǇĞƌŽĨ
ĞůĞŵĞŶƚƐǁŝƚŚƐŚĂƉĞĂŶŝƐŽƚƌŽƉǇ͕ŝƐŶŽƚƉƌĞƐĞŶƚŝŶǀŽƌƚĞǆƐĞŶƐŽƌƐ͕ƚŚĞĂĐĐƵƌĂĐǇŝƐŵĂŝŶůǇůŝŵŝƚĞĚďǇ
ƚŚĞƌĞŵĂŝŶŝŶŐƌĞƐŝƐƚŝǀĞĂŶĚŵĂŐŶĞƚŝĐŶŽŝƐĞ͕ǁŚŝĐŚŝƐĚĞƐĐƌŝďĞĚďǇƚŚĞƚŽƚĂůŶŽŝƐĞƉŽǁĞƌ totVS ͕
ĐŽŵŵŽŶƚŽĂŶǇŵĂŐŶĞƚŝĐƐĞŶƐŽƌ͘dŚĞƚŽƚĂůŶŽŝƐĞƉŽǁĞƌ totVS ŝƐĐŽŵƉŽƐĞĚŽĨ:ŽŚŶƐŽŶŶŽŝƐĞ͕ĞůĞĐƚƌŝĐ
ϭͬĨŶŽŝƐĞ͕ŵĂŐŶĞƚŝĐϭͬĨŶŽŝƐĞ͕ĂŶĚŵĂŐŶĞƚŝĐǁŚŝƚĞŶŽŝƐĞϯϯ͕ϯϰ͘/ŶƚŚĞĨŽůůŽǁŝŶŐ͕ƚŚĞƚŽƚĂůŶŽŝƐĞƉŽǁĞƌ
ŽĨƚŚĞǀŽƌƚĞǆƐĞŶƐŽƌŝƐĐŽŵƉĂƌĞĚǁŝƚŚƚŚĞŶŽŝƐĞŽĨƚŚĞĞůůŝƉƚŝĐĂůƐĞŶƐŽƌŽƵƚƐŝĚĞƚŚĞƉŚĂƐĞŶŽŝƐĞ

ĐƌŽŝƐƐĂŶƚ͘ĞƚĂŝůƐŽŶƚŚĞŶŽŝƐĞŵĞĂƐƵƌĞŵĞŶƚƐĂƌĞĚĞƐĐƌŝďĞĚŝŶƚŚĞŵĞƚŚŽĚƐĞĐƚŝŽŶ͘&ŝŐ͘ϱ;ďͿƐŚŽǁƐ
tot
VS ĂƐĂĨƵŶĐƚŝŽŶŽĨƚŚĞĨƌĞƋƵĞŶĐǇĨŽƌƚŚĞĞůůŝƉƚŝĐĂůƐĞŶƐŽƌ;ďůƵĞͿĂŶĚƚŚĞǀŽƌƚĞǆƐĞŶƐŽƌ;ƌĞĚͿĂƚ
ǌĞƌŽĞǆƚĞƌŶĂůĨŝĞůĚ͘&ŽƌďŽƚŚƐĞŶƐŽƌƐ͕ĂĐůĞĂƌϭͬĨŶŽŝƐĞĐĂŶďĞŽďƐĞƌǀĞĚƵŶƚŝůƚŚĞƚŽƚĂůŶŽŝƐĞƐĂƚƵƌĂƚĞƐ
ĨŽƌŚŝŐŚĨƌĞƋƵĞŶĐŝĞƐĂƚƚŚĞ:ŽŚŶƐŽŶŶŽŝƐĞ͕ǁŚŝĐŚŝƐĐŽŶƐƚĂŶƚǁŝƚŚĨƌĞƋƵĞŶĐǇ͘
dŽƚĂůŶŽŝƐĞƉŽǁĞƌŵĞĂƐƵƌĞŵĞŶƚƐĂƐĂĨƵŶĐƚŝŽŶŽĨƚŚĞĞǆƚĞƌŶĂůĨŝĞůĚĐŽƌƌĞůĂƚĞƐǁŝƚŚƚŚĞƐƵƐĐĞƉƚŝďŝůŝƚǇ
ŽĨƚŚĞƐĞŶƐŽƌĂƐĂĨƵŶĐƚŝŽŶŽĨĨŝĞůĚ͘,ĞŶĐĞ͕ŝƚĐĂŶďĞĐŽŶĐůƵĚĞĚƚŚĂƚƚŚĞĚŽŵŝŶĂŶƚŶŽŝƐĞƐŽƵƌĐĞŚĂƐĂ
ŵĂŐŶĞƚŝĐŽƌŝŐŝŶ͘dŚĞŵĂŐŶĞƚŝĐƚŚĞƌŵĂůŶŽŝƐĞƉŽǁĞƌŝƐĞǆƉĞĐƚĞĚƚŽƐĐĂůĞǁŝƚŚϯϯ
 v magVS NA  ;ϰͿ
ǁŚĞƌĞEŝƐƚŚĞŶƵŵďĞƌŽĨĞůĞŵĞŶƚƐĂŶĚŝƐƚŚĞĨƌĞĞůĂǇĞƌĂƌĞĂ͘/ŶŽƵƌŝŶǀĞƐƚŝŐĂƚĞĚǀŽƌƚĞǆƐĞŶƐŽƌ͕ƚŚĞ
ƚŽƚĂůĂƌĞĂŝƐ P P u     vortexNA m m ͕ǁŚŝĐŚŝƐĂůŵŽƐƚŝĚĞŶƚŝĐĂůƚŽƚŚĞƚŽƚĂůĂƌĞĂŽĨƚŚĞ
ĞůůŝƉƚŝĐĂůĞůĞŵĞŶƚƐ͕ǁŚŝĐŚŝƐ P P u     ellipseNA m m ͕ĂŶĚ͕ƚŚĞƌĞĨŽƌĞ͕ĚŝƌĞĐƚůǇ
ĐŽŵƉĂƌĂďůĞ͘/ƚŵŝŐŚƚďĞŝŶƚĞƌĞƐƚŝŶŐƚŽŶŽƚĞƚŚĂƚƚŚĞŝŶǀĞƐƚŝŐĂƚĞĚĞůůŝƉƚŝĐĂůƐƚƌƵĐƚƵƌĞƐĂƌĞŶŽƚĂƌďŝƚƌĂƌǇ
ƚĞƐƚƐƚƌƵĐƚƵƌĞƐďƵƚƐĞŶƐŽƌƐƚŚĂƚĂƌĞƵƐĞĚŝŶƐƚĂƚĞŽĨƚŚĞĂƌƚĐŽŵŵĞƌĐŝĂůƐĞŶƐŽƌƐĚĞǀĞůŽƉĞĚďǇ
/ŶĨŝŶĞŽŶ'͘/ŶƚĞƌĞƐƚŝŶŐůǇ͕ƚŚĞŵĞĂƐƵƌĞĚŶŽŝƐĞĂƚϭϬ,ǌŽĨƚŚĞǀŽƌƚĞǆƐĞŶƐŽƌŝƐƐŵĂůůĞƌďǇĂĨĂĐƚŽƌŽĨϳ
ĐŽŵƉĂƌĞĚƚŽƚŚĞĞůůŝƉƚŝĐĂůƐĞŶƐŽƌ͘dŚĞƐŝŐŶŝĨŝĐĂŶƚĚŝĨĨĞƌĞŶĐĞŝŶŶŽŝƐĞďĞƚǁĞĞŶƚŚĞƐĞƚǁŽĚŝĨĨĞƌĞŶƚ
ƐĞŶƐŽƌůĂǇŽƵƚƐŚĂƐƚŽďĞĂƚƚƌŝďƵƚĞĚƚŽĚŝĨĨĞƌĞŶƚŵĂŐŶĞƚŝĐŶŽŝƐĞƐŽƵƌĐĞƐĚƵĞƚŽƚŚĞĚŝĨĨĞƌĞŶƚŵĂŐŶĞƚŝĐ
ĐŽŶĨŝŐƵƌĂƚŝŽŶƐ͘
ĐĐŽƌĚŝŶŐƚŽƚŚĞĨůƵĐƚƵĂƚŝŽŶͲĚŝƐƐŝƉĂƚŝŽŶƚŚĞŽƌĞŵϯϯ͕ϯϱ͕ƚŚĞĚŝƐƐŝƉĂƚŝŽŶŝƐĐŽƌƌĞůĂƚĞĚƚŽƚŚĞŝŵĂŐŝŶĂƌǇ
ƉĂƌƚŽĨƚŚĞƐƵƐĐĞƉƚŝďŝůŝƚǇ F 

 f ĂŶĚŝƐƉƌŽƉŽƌƚŝŽŶĂůƚŽƚŚĞŵĂŐŶĞƚŝĐŶŽŝƐĞƉŽǁĞƌĂƐ
 FS Pv 
 

 ma Bg
V
FL
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NAt f
͘ ;ϱͿ
,ĞƌĞ͕EŝƐƚŚĞŶƵŵďĞƌŽĨƐĞŶƐŽƌĞůĞŵĞŶƚƐ͕ƚŚĞĂƌĞĂůŽĨĞĂĐŚƐĞŶƐŽƌĞůĞŵĞŶƚ͕ƚ&>ƚŚĞƚŚŝĐŬŶĞƐƐŽĨƚŚĞ
ƐĞŶƐŽƌĞůĞŵĞŶƚ͕dƚŚĞƚĞŵƉĞƌĂƚƵƌĞĂŶĚĨƚŚĞĨƌĞƋƵĞŶĐǇ͘,ĞŶĐĞ͕ŵĂŐŶĞƚŝĐƉƌŽĐĞƐƐĞƐůĞĂĚƚŽ
ĚŝƐƐŝƉĂƚŝŽŶ͕ĂŶĚĐŽŶƐĞƋƵĞŶƚůǇ͕ĂĨŝŶŝƚĞ F 

 f ĐĂŶďĞƌĞůĂƚĞĚƚŽŶŽŝƐĞƐŽƵƌĐĞƐ͘DĞĂƐƵƌĞŵĞŶƚŽĨ F 

 f 
ĂŶĚƵƐĞŽĨƚŚĞĨůƵĐƚƵĂƚŝŽŶĚŝƐƐŝƉĂƚŝŽŶƚŚĞŽƌĞŵƚŽĞǆƚƌĂĐƚƚŚĞŶŽŝƐĞǁĞƌĞƉĞƌĨŽƌŵĞĚďǇ,ĂƌĚŶĞƌĞƚĂů͘
ϯϱ͘dŚĞŽďƚĂŝŶĞĚŶŽŝƐĞǀĂůƵĞƐĂŐƌĞĞĚǁĞůůǁŝƚŚƚŚĞĚŝƌĞĐƚůǇŵĞĂƐƵƌĞĚƚŽƚĂůŶŽŝƐĞƉŽǁĞƌ͘ŶŝŶĚŝĐĂƚŝŽŶ
ŽĨƚŚĞůŽǁŶŽŝƐĞŽĨƚŚĞǀŽƌƚĞǆƐĞŶƐŽƌĐĂŶďĞĨŽƵŶĚŝŶƚŚĞƐŵĂůůŚǇƐƚĞƌĞƐŝƐŽĨƚŚŝƐƐĞŶƐŽƌĚĞƐŝŐŶ͕ǁŚŝĐŚ
ŝŶƚƵƌŶĐŽƌƌĞůĂƚĞƐƚŽĂƐŵĂůů F 

 f ͘/ŶĐŽŶƚƌĂƐƚƚŽƚŚĞǀŽƌƚĞǆƐƚƌƵĐƚƵƌĞ͕ĂŶǇŵŝƐĂůŝŐŶŵĞŶƚŽĨƚŚĞůŽŶŐ
ĂǆŝƐŽĨƚŚĞĞůůŝƉƐĞƐƉĞƌƉĞŶĚŝĐƵůĂƌƚŽƚŚĞĨŝĞůĚĚŝƌĞĐƚŝŽŶůĞĂĚƐƚŽŚǇƐƚĞƌĞƐŝƐ͘/ŶƚŚĞĞůůŝƉƚŝĐĂůƐĞŶƐŽƌ͕Ăůů
ƐƉŝŶƐͶĂůƐŽƚŚĞƐƵƌĨĂĐĞƐƉŝŶƐͶƌŽƚĂƚĞďǇĂƉƉůǇŝŶŐĞǆƚĞƌŶĂůĨŝĞůĚƐ͕ǁŚŝĐŚŵŝŐŚƚůĞĂĚƚŽůŽĐĂůƉŝŶŶŝŶŐ
ĂŶĚƌĞƐŝĚƵĂůĚŽŵĂŝŶƐ͕ĐŽŶƚƌĂƌǇƚŽƚŚĞǀŽƌƚĞǆƐƚĂƚĞƐ

dŚĞƚŽƚĂůŵĂŐŶĞƚŝĐŶŽŝƐĞƉŽǁĞƌƐĐĂůĞƐǁŝƚŚƚŚĞŵĂŐŶĞƚŽƌĞƐŝƐƚĂŶĐĞĂƐ v ðmagVS MR ͘,ĞŶĐĞ͕ŝĨ͕ĨŽƌ
ĞƋƵŝǀĂůĞŶƚƐĞŶƐŽƌƐ͕ƚŚĞDZƌĂƚŝŽŝƐŝŶĐƌĞĂƐĞĚ͕ƚŚĞŶŽŝƐĞŝŶĐƌĞĂƐĞƐ͕ĂƐǁĞůů͘,ŽǁĞǀĞƌ͕ƚŚĞůĂƌŐĞƌŶŽŝƐĞ
ĚŽĞƐŶŽƚŝŵƉůǇƚŚĂƚƚŚĞŵŝŶŝŵƵŵĨŝĞůĚƐƚŚĂƚĐĂŶďĞĚĞƚĞĐƚĞĚĂƌĞůĂƌŐĞƌĨŽƌƐĞŶƐŽƌƐǁŝƚŚŚŝŐŚĞƌDZ
ǀĂůƵĞƐ͘dŚĞƌĞĂƐŽŶŝƐƚŚĂƚǁŝƚŚŝŶĐƌĞĂƐŝŶŐDZ͕ŝŶĂĚĚŝƚŝŽŶƚŽƚŚĞŶŽŝƐĞ͕ƚŚĞƐĞŶƐŝƚŝǀŝƚǇ P ext
dV
dH
ĂůƐŽ
ŝŶĐƌĞĂƐĞƐ͘dŚĞƐĞŶƐŝƚŝǀŝƚǇƌĞůĂƚĞƐƚŚĞĐŚĂŶŐĞŽĨƐĞŶƐŽƌŽƵƚƉƵƚƚŽƚŚĞĐŚĂŶŐĞŽĨƚŚĞĂƉƉůŝĞĚŵĂŐŶĞƚŝĐ
ĨŝĞůĚP extH ͘,ĞŶĐĞ͕ĂŵŽƌĞŵĞĂŶŝŶŐĨƵůƉƌŽƉĞƌƚǇƚŽĐŽŵƉĂƌĞĚŝĨĨĞƌĞŶƚƐĞŶƐŽƌƐŝƐƚŚĞĚĞƚĞĐƚŝǀŝƚǇ
 P
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 extH V
dHD S S T Hz
dV
 ;ϲͿ
ǁŚŝĐŚƌĞůĂƚĞƐƚŚĞƐĞŶƐŽƌŶŽŝƐĞƚŽƚŚĞƐĞŶƐŽƌƐĞŶƐŝƚŝǀŝƚǇ͘dŚĞĚĞƚĞĐƚŝǀŝƚǇŝƐƉƌŽƉŽƌƚŝŽŶĂůƚŽƚŚĞƐŝŐŶĂůͲ
ƚŽͲŶŽŝƐĞƌĂƚŝŽ͕ĂƐƐŚŽǁŶŝŶƚŚĞŵĞƚŚŽĚƐĞĐƚŝŽŶ͘,ĞŶĐĞ͕ĂƐŵĂůůĞƌĚĞƚĞĐƚŝǀŝƚǇĂůůŽǁƐƚŽĚĞƚĞĐƚƐŵĂůůĞƌ
ŵĂŐŶĞƚŝĐĨŝĞůĚƐ͘/Ŷ&ŝŐ͘ϱ;ĐͿ͕ƚŚĞĚĞƚĞĐƚŝǀŝƚǇŽĨƚŚĞƚǁŽŝŶǀĞƐƚŝŐĂƚĞĚƐĞŶƐŽƌƐŝƐĐŽŵƉĂƌĞĚ͘dŚĞ
ĚĞƚĞĐƚŝǀŝƚǇĂƚϭϬ,ǌŝƐΕϴ nT Hz ĨŽƌƚŚĞĞůůŝƉƚŝĐĂůĂŶĚΕϮϬ nT Hz ĨŽƌƚŚĞǀŽƌƚĞǆƐĞŶƐŽƌ͕
ƌĞƐƉĞĐƚŝǀĞůǇ͘,ĞŶĐĞ͕ĞǀĞŶŝĨƚŚĞůŝŶĞĂƌƌĂŶŐĞŽĨƚŚĞǀŽƌƚĞǆƐĞŶƐŽƌŝƐůĂƌŐĞƌďǇĂĨĂĐƚŽƌŽĨϳĐŽŵƉĂƌĞĚ
ƚŽƚŚĞĞůůŝƉƚŝĐĂůƐĞŶƐŽƌ͕ƚŚĞĚĞƚĞĐƚŝǀŝƚǇŝƐŽŶůǇƐŵĂůůĞƌďǇĂĨĂĐƚŽƌŽĨϮ͘ϱ͘&ŽƌĐŽŵƉĂƌŝƐŽŶ͕ǁĞŝŶƚƌŽĚƵĐĞ
ƚŚĞĨŝŐƵƌĞŽĨŵĞƌŝƚ;&DͿ͕ǁŚŝĐŚƌĞůĂƚĞƐƚŚĞůŝŶĞĂƌƌĂŶŐĞƚŽƚŚĞĚĞƚĞĐƚŝǀŝƚǇ͕ĂƐ
       
linear rangeFM f
D f
 ;ϳͿ
dŚĞ&DŝƐůĂƌŐĞƌĨŽƌƚŚĞǀŽƌƚĞǆƐĞŶƐŽƌďǇĂĨĂĐƚŽƌŽĨϮ͘ϳ͘

ϱ͘ ^ƵŵŵĂƌǇĂŶĚĚŝƐĐƵƐƐŝŽŶ

tŝƚŚŝŶƚŚŝƐǁŽƌŬ͕ŝƚŝƐƐŚŽǁŶƚŚĂƚƚŚĞŶŽŝƐĞŽĨƐƚĂƚĞͲŽĨͲƚŚĞͲĂƌƚǆDZƐĞŶƐŽƌƐǁŝƚŚĂŶĞůůŝƉƚŝĐĂůĨƌĞĞ
ůĂǇĞƌĚĞƐŝŐŶƐƚƌŽŶŐůǇĚĞƉĞŶĚƐŽŶƚŚĞƌŽƚĂƚŝŶŐĨŝĞůĚĂŵƉůŝƚƵĚĞ͘&ŽƌĐĞƌƚĂŝŶƌĂƚŝŽƐŽĨƉĂƌĂůůĞůĂŶĚ
ƉĞƌƉĞŶĚŝĐƵůĂƌĐŽŵƉŽŶĞŶƚƐŽĨƚŚĞƌŽƚĂƚŝŶŐĨŝĞůĚ͕ƚŚĞƉŚĂƐĞŶŽŝƐĞŝŶĐƌĞĂƐĞƐďǇŵŽƌĞƚŚĂŶŽŶĞŽƌĚĞƌŽĨ
ŵĂŐŶŝƚƵĚĞ͘&ŽƌƐŵĂůůĂƉƉůŝĞĚĨŝĞůĚƐ͕ƚŚĞĨƌĞĞůĂǇĞƌŵĂŐŶĞƚŝǌĂƚŝŽŶƌĞǀĞƌƐŝďůǇƚŝůƚƐŽƵƚĨƌŽŵƚŚĞĞĂƐǇ
ĂǆŝƐ͕ĂŶĚĨŽƌůĂƌŐĞƌĂƉƉůŝĞĚĨŝĞůĚƐ͕ƚŚĞĨƌĞĞůĂǇĞƌŵĂŐŶĞƚŝǌĂƚŝŽŶƌĞƉƌŽĚƵĐŝďůǇŝƌƌĞǀĞƌƐŝďůǇƐǁŝƚĐŚĞƐ͕
ůĞĂĚŝŶŐƚŽƐŵĂůůŶŽŝƐĞůĞǀĞůƐ͘,ŽǁĞǀĞƌ͕ĨŽƌĨŝĞůĚĂŵƉůŝƚƵĚĞƐƚŚĂƚĂƌĞĐůŽƐĞƚŽƚŚĞ^tĂƐƚƌŽŝĚ͕ƚŚĞĨƌĞĞ
ůĂǇĞƌŵĂŐŶĞƚŝǌĂƚŝŽŶƐǁŝƚĐŚĞƐŝŶĂŶŽŶͲƌĞƉƌŽĚƵĐŝďůĞǁĂǇ͘dǁŽŵĞĐŚĂŶŝƐŵƐĐĂŶďĞĂƚƚƌŝďƵƚĞĚƚŽƚŚĞ
ŶŽŶͲƌĞƉƌŽĚƵĐŝďůĞƐǁŝƚĐŚŝŶŐ͘dŚĞĨŝƌƐƚƉƌŽĐĞƐƐ͕ǁŚŝĐŚĞǀĞŶƉƌĞĚŝĐƚƐŶŽŝƐĞĨŽƌƉĞƌĨĞĐƚƐŝŶŐůĞĚŽŵĂŝŶ
ĞůĞŵĞŶƚ͕ŽĐĐƵƌƐĚƵĞƚŽĨŝŶŝƚĞƚĞŵƉĞƌĂƚƵƌĞ͘,ĞƌĞ͕ƚŚĞĨƌĞĞůĂǇĞƌŵĂŐŶĞƚŝǌĂƚŝŽŶŚĂƐĂĐĞƌƚĂŝŶ
ƉƌŽďĂďŝůŝƚǇĨŽƌƚŚĞƌŵĂůůǇĂĐƚŝǀĂƚĞĚƐǁŝƚĐŚŝŶŐƚŽƚŚĞŽƉƉŽƐŝƚĞĞƋƵŝůŝďƌŝƵŵƐƚĂƚĞ͘&ŽƌĂŶŐůĞƐďĞƚǁĞĞŶ
ƚŚĞĨƌĞĞůĂǇĞƌĂŶĚƚŚĞƉŝŶŶĞĚůĂǇĞƌƚŚĂƚĂƌĞŶŽƚĞǆĂĐƚůǇϵϬΣ͕ƚŚĞƐĞŶƐŽƌƌĞƐƉŽŶƐĞŝƐĚŝĨĨĞƌĞŶƚĨŽƌƚŚĞ

ƵƉĂŶĚĚŽǁŶƐƚĂƚĞƐ͘ƐĂĐŽŶƐĞƋƵĞŶĐĞ͕ƉŚĂƐĞŶŽŝƐĞŽĐĐƵƌƐ͘dŚĞƐĞĐŽŶĚŶŽŝƐĞƐŽƵƌĐĞĨŽƌĨŝĞůĚƐĐůŽƐĞ
ƚŽƚŚĞ^tĂƐƚƌŽŝĚŝƐŽďƚĂŝŶĞĚĞǀĞŶĂƚǌĞƌŽƚĞŵƉĞƌĂƚƵƌĞ͘dŚŝƐŶŽŝƐĞƐŽƵƌĐĞĚŽĞƐŶŽƚƌĞƋƵŝƌĞĂŶǇ
ƐƚŽĐŚĂƐƚŝĐŝŶƉƵƚ͘tŝƚŚŵŝĐƌŽŵĂŐŶĞƚŝĐƐŝŵƵůĂƚŝŽŶƐ͕ĐŽŶƐĞĐƵƚŝǀĞŚǇƐƚĞƌĞƐŝƐůŽŽƉƐƐŚŽǁĨŽƌĨŝĞůĚƐĐůŽƐĞ
ƚŽƚŚĞ^tĂƐƚƌŽŝĚƚŚĂƚƚŚĞĨŝŶĂůƐƚĂƚĞŝƐƐůŝŐŚƚůǇĚŝĨĨĞƌĞŶƚĂĨƚĞƌĞĂĐŚĨŝĞůĚĐǇĐůĞ͘ƐĂĐŽŶƐĞƋƵĞŶĐĞ͕ƚŚĞ
ƐĞŶƐŽƌƌĞƐƉŽŶƐĞƐĂƌĞĚŝĨĨĞƌĞŶƚŝŶĞĂĐŚĨŝĞůĚĐǇĐůĞ͘&ŝĞůĚĐŽŶĚŝƚŝŽŶƐƚŚĂƚůĞĂĚƚŽŚĞĂǀǇŶŽŝƐĞĂůƐŽůĞĂĚ
ƚŽƚŚĞůĂƌŐĞƐƚŚǇƐƚĞƌĞƐŝƐŽĨƚŚĞƐĞŶƐŽƌ͘/ŶƚĞƌĞƐƚŝŶŐůǇ͕ƚŚĞŚǇƐƚĞƌĞƐŝƐŝƐŶŽƚƚŚĞůĂƌŐĞƐƚĨŽƌƚŚĞůĂƌŐĞƐƚ
ĂƉƉůŝĞĚĨŝĞůĚ͕ĂƐƐŚŽǁŶďǇĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂ͕ĂƐǁĞůůĂƐďǇŵŝĐƌŽŵĂŐŶĞƚŝĐƐŝŵƵůĂƚŝŽŶƐϮϭ͘
ĚŝƐƌƵƉƚŝǀĞƐĞŶƐŽƌůĂǇŽƵƚŝƐƉƌĞƐĞŶƚĞĚƚŚĂƚĂǀŽŝĚƐƚŚĞĂĨŽƌĞŵĞŶƚŝŽŶĞĚƉƌŽďůĞŵƐďǇƌŽƚĂƚŝŽŶĂů
ƐǇŵŵĞƚƌǇŽĨƚŚĞĨƌĞĞůĂǇĞƌŵĂŐŶĞƚŝǌĂƚŝŽŶƚŚĂƚĨŽƌŵƐĂĨůƵǆͲĐůŽƐĞĚǀŽƌƚĞǆĐŽŶĨŝŐƵƌĂƚŝŽŶ͘
DŝĐƌŽŵĂŐŶĞƚŝĐƐŝŵƵůĂƚŝŽŶƐ͕ĂƐǁĞůůĂƐĞǆƉĞƌŝŵĞŶƚƐ͕ƐŚŽǁĂďĂƐŝĐĂůůǇŚǇƐƚĞƌĞƐŝƐͲĨƌĞĞƐĞŶƐŽƌƌĞƐƉŽŶƐĞ
ŝŶƚŚĞǀŝĐŝŶŝƚǇŽĨƚŚĞǌĞƌŽůŝŶĞĐƌŽƐƐŝŶŐŽĨƚŚĞƚƌĂŶƐĨĞƌĐƵƌǀĞ͘dŚĞƌĞƉƌŽĚƵĐŝďůĞǀŽƌƚĞǆĐŽƌĞŵŽƚŝŽŶĂƐĂ
ĨƵŶĐƚŝŽŶŽĨĂƉƉůŝĞĚĨŝĞůĚƐŽǀĞƌĐŽŵĞƐƚŚĞƉŚĂƐĞŶŽŝƐĞƉƌŽďůĞŵ͘ĞƐŝĚĞƐƚŚĞƉŚĂƐĞŶŽŝƐĞ͕ƚŚĞƚŽƚĂů
ŶŽŝƐĞƉŽǁĞƌ totVS ŝƐƐŝŐŶŝĨŝĐĂŶƚůǇƌĞĚƵĐĞĚĨŽƌǀŽƌƚĞǆƐĞŶƐŽƌƐĐŽŵƉĂƌĞĚƚŽĞůůŝƉƚŝĐĂůƐĞŶƐŽƌƐ͘dŚĞůŝŶĞĂƌ
ƌĂŶŐĞŽĨƚŚĞǀŽƌƚĞǆƐĞŶƐŽƌĐĂŶďĞƚƵŶĞĚďǇƚŚĞƌĂƚŝŽŽĨƚŚĞĨƌĞĞůĂǇĞƌƚŚŝĐŬŶĞƐƐƚŽƚŚĞĚŝĂŵĞƚĞƌ͕ĂŶĚ
ŝƚŝƐĂůŵŽƐƚŽŶĞŽƌĚĞƌŽĨŵĂŐŶŝƚƵĚĞůĂƌŐĞƌƚŚĂŶĨŽƌĞůůŝƉƚŝĐĂůƐĞŶƐŽƌƐ͘ůĂƌŐĞůŝŶĞĂƌƌĂŶŐĞŽĨƐĞŶƐŽƌƐŝƐ
ŽĨƵƚŵŽƐƚŝŵƉŽƌƚĂŶĐĞĨŽƌǁŚĞĞůƐƉĞĞĚĂƉƉůŝĐĂƚŝŽŶƐ͕ďĞĐĂƵƐĞĂŚŝŐŚĞƌĚǇŶĂŵŝĐƌĂŶŐĞĞŶĂďůĞƐůĞƐƐ
ĞĨĨŽƌƚĨŽƌƚŚĞĂĚũƵƐƚŵĞŶƚŽĨƚŚĞŽƉĞƌĂƚŝŽŶĂůǁŽƌŬŝŶŐƉŽŝŶƚ͘ƵĞƚŽƚŚĞƌĞĚƵĐĞĚŶŽŝƐĞŽĨǀŽƌƚĞǆ
ƐĞŶƐŽƌƐ͕ƚŚĞĚĞƚĞĐƚŝǀŝƚǇ͕ǁŚŝĐŚĚĞƐĐƌŝďĞƐƚŚĞŵŝŶŝŵƵŵĚĞƚĞĐƚĂďůĞĨŝĞůĚ͕ŝƐŽŶůǇƐŵĂůůĞƌďǇĂďŽƵƚĂ
ĨĂĐƚŽƌŽĨƚǁŽĐŽŵƉĂƌĞĚƚŽƐƚĂƚĞͲŽĨͲƚŚĞͲĂƌƚƐĞŶƐŽƌƐĂŶĚůĞĂĚƐƚŽĂůĂƌŐĞƌĨŝŐƵƌĞͲŽĨͲŵĞƌŝƚĨŽƌƚŚĞǀŽƌƚĞǆ
ƐĞŶƐŽƌďǇĂĨĂĐƚŽƌŽĨϮ͘ϳ͘
dŚŝƐǁŽƌŬĐůĞĂƌůǇĚĞŵŽŶƐƚƌĂƚĞƐƚŚĂƚƚŚĞƉƌĞƐĞŶƚĞĚĨůƵǆĐůŽƐƵƌĞǀŽƌƚĞǆƐƚĂƚĞŽƵƚƉĞƌĨŽƌŵƐƐƚĂƚĞͲŽĨͲ
ƚŚĞͲĂƌƚ'DZĂŶĚdDZƐĞŶƐŽƌƐ͕ǁŚŝĐŚĂƌĞǁŝĚĞůǇƵƐĞĚŝŶĂƉƉůŝĐĂƚŝŽŶƐǁŽƌůĚǁŝĚĞ͘dŚŝƐǁŽƌŬ
ĚĞŵŽŶƐƚƌĂƚĞƐƚŚĞƉŽƚĞŶƚŝĂůĂĚǀĂŶƚĂŐĞƐŽĨƚŽƉŽůŽŐŝĐĂůůǇƉƌŽƚĞĐƚĞĚƐƚƌƵĐƚƵƌĞƐǁŝƚŚƵŶŝƋƵĞ
ŵĂŐŶĞƚŝǌĂƚŝŽŶƐƚĂƚĞƐĂŶĚŵŝŐŚƚďĞŐƵŝĚŝŶŐƚŚĞǁĂǇĨŽƌĐŽŵŵĞƌĐŝĂůĂƉƉůŝĐĂƚŝŽŶƐŽĨƚŽƉŽůŽŐŝĐĂůůǇ
ƉƌŽƚĞĐƚĞĚŵĂŐŶĞƚŝĐƐƚĂƚĞƐϯϲ͘

^ƵƉƉŽƌƚĨƌŽŵͲůĂďŽƌĂƚŽƌǇD^E;ĨŝŶĂŶĐĞĚďǇƚŚĞƵƐƚƌŝĂŶ&ĞĚĞƌĂůDŝŶŝƐƚƌǇŽĨĐŽŶŽŵǇ͕&ĂŵŝůǇ
ĂŶĚzŽƵƚŚ͕ƚŚĞEĂƚŝŽŶĂů&ŽƵŶĚĂƚŝŽŶĨŽƌZĞƐĞĂƌĐŚ͕dĞĐŚŶŽůŽŐǇĂŶĚĞǀĞůŽƉŵĞŶƚͿ͕ƚŚĞ&t&ʹ^&
ƉƌŽũĞĐƚ&ϰϭϭϮͲEϭϯ͕ƚŚĞsŝĞŶŶĂ^ĐŝĞŶĐĞĂŶĚdĞĐŚŶŽůŽŐǇ&ƵŶĚ;ttd&ͿƵŶĚĞƌŐƌĂŶƚDϭϰͲϬϰϰ͕ĂŶĚ
ƚŚĞĚǀĂŶĐĞĚ^ƚŽƌĂŐĞdĞĐŚŶŽůŽŐǇŽŶƐŽƌƚŝƵŵ;^dͿŝƐĂĐŬŶŽǁůĞĚŐĞĚ͘dŚĞĐŽŵƉƵƚĂƚŝŽŶĂůƌĞƐƵůƚƐ
ƉƌĞƐĞŶƚĞĚǁĞƌĞĂĐŚŝĞǀĞĚƵƐŝŶŐsŝĞŶŶĂ^ĐŝĞŶƚŝĨŝĐůƵƐƚĞƌ;s^Ϳ͘

 

ϲ͘ DĞƚŚŽĚƐ

ĂůĐƵůĂƚŝŽŶŽĨƉŚĂƐĞŶŽŝƐĞ
dŚĞƉŚĂƐĞŶŽŝƐĞ WV ŽĨƚŚĞŵĂŐŶĞƚŝĐƐĞŶƐŽƌƵŶĚĞƌƚŚĞĂĐƚŝŽŶŽĨĂŶĞůůŝƉƚŝĐĂůƌŽƚĂƚŝŶŐĨŝĞůĚŝƐĚĞĨŝŶĞĚ
ĂƐ͗
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N period
iiN  ;ϴͿ
ǁŚĞƌĞW ŝƐƚŚĞĂǀĞƌĂŐĞƉĞƌŝŽĚůĞŶŐƚŚ͗


 N periode
iiN
W W  ¦  ;ϵͿ
ĂŶĚ periodeiW ŝƐƚŚĞŝͲƚŚƉĞƌŝŽĚ͗
 periodei n nt tW    ;ϭϬͿ
ǁŚĞƌĞƚŶŝƐƚŚĞƚŝŵĞŽĨƚŚĞŶƚŚǌĞƌŽĐƌŽƐƐŝŶŐŽĨĞŝƚŚĞƌƚŚĞƌŝƐŝŶŐŽƌĨĂůůŝŶŐĞĚŐĞŽĨƚŚĞƌĞƐŝƐƚĂŶĐĞZ͘

/ŵƉůĞŵĞŶƚĂƚŝŽŶŽĨ^tŵŽĚĞůĂƚĨŝŶŝƚĞƚĞŵƉĞƌĂƚƵƌĞ
/ŶŽƌĚĞƌƚŽŝŵƉůĞŵĞŶƚƚŚĞƌŵĂůĞĨĨĞĐƚƐ͕ĂŵŽĚĞůďĂƐĞĚŽŶƚŚĞƚƌĂŶƐŝƚŝŽŶƚŚĞŽƌǇŝƐŝŵƉůĞŵĞŶƚĞĚϯϳ͘dŚĞ
ŵĂŐŶĞƚŝǌĂƚŝŽŶĚǇŶĂŵŝĐŝƐŶŽƚĚĞƐĐƌŝďĞĚďǇƐŽůǀŝŶŐƚŚĞ>ĂŶĚĂƵͲ>ŝĨƐŚŝƚǌͲ'ŝůďĞƌƚĞƋƵĂƚŝŽŶ͕ǁŚŝĐŚůĞĂĚƐ
ƚŽĂĚĞĐƌĞĂƐĞŽĨĞŶĞƌŐǇ͘ƵĞƚŽĨŝŶŝƚĞƚĞŵƉĞƌĂƚƵƌĞ͕ĞŶĞƌŐǇďĂƌƌŝĞƌƐĨŽƌƐǁŝƚĐŚŝŶŐŵĂǇďĞŽǀĞƌĐŽŵĞ
ďǇƚŚĞƌŵĂůĂĐƚŝǀĂƚŝŽŶ͘dŚĞĞŶĞƌŐǇďĂƌƌŝĞƌŝƐŐŝǀĞŶďǇƚŚĞĞŶĞƌŐǇĚŝĨĨĞƌĞŶĐĞďĞƚǁĞĞŶƚŚĞůŽǁĞƌĞŶĞƌŐǇ
ŵĂǆŝŵƵŵĂŶĚĞŶĞƌŐǇŽĨƚŚĞĐƵƌƌĞŶƚŵŝŶŝŵƵŵ͘dŚĞƌĞůĂǆĂƚŝŽŶƚŝŵĞĨŽƌƚŚĞƐǁŝƚĐŚŝŶŐĨƌŽŵŽŶĞƐƚĂďůĞ
ŵĂŐŶĞƚŝǌĂƚŝŽŶƐƚĂƚĞƚŽƚŚĞŽƚŚĞƌŝƐŐŝǀĞŶďǇƚŚĞƌƌŚĞŶŝƵƐͲEĠĞůůĂǁ͗
 %
E
k TeW W
'  ;ϭϭͿ
ǁŚĞƌĞ W ŝƐĂĐŚĂƌĂĐƚĞƌŝƐƚŝĐƚŝŵĞĐŽŶƐƚĂŶƚ͕ƚŚĞĂƚƚĞŵƉƚƉĞƌŝŽĚ;ŝƚƐƌĞĐŝƉƌŽĐĂůŝƐƚŚĞĂƚƚĞŵƉƚĨƌĞƋƵĞŶĐǇ
ĨϬͿ͕ǁŚŝĐŚŝƐŽŶƚŚĞŽƌĚĞƌŽĨϭϬϵƚŽϭϬϭϭ,ǌϯϴ͕ŬŝƐƚŚĞŽůƚǌŵĂŶŶĐŽŶƐƚĂŶƚ͕dŝƐƚŚĞƚĞŵƉĞƌĂƚƵƌĞ͕ĂŶĚ
'ŝƐƚŚĞĞŶĞƌŐǇďĂƌƌŝĞƌƐĞƉĂƌĂƚŝŶŐƚŚĞƚǁŽƐƚĂƚĞƐ͘dŚĞƉƌŽďĂďŝůŝƚǇĨŽƌƐǁŝƚĐŚŝŶŐƉĨƌŽŵŽŶĞƐƚĂƚĞƚŽ
ƚŚĞŽƚŚĞƌǁŝƚŚŝŶƚŚĞƚŝŵĞWŵŝƐŐŝǀĞŶďǇ

P
p e
W
W   ;ϭϮͿ

&ŽƌŵŽƐƚĨŝĞůĚĂŵƉůŝƚƵĚĞƐ͕ŽŶĐĞƚŚĞƉĂƌƚŝĐůĞƐǁŝƚĐŚĞƐĨƌŽŵŽŶĞƐƚĂƚĞƚŽƚŚĞŽƚŚĞƌ͕ŝƚǁŝůůƌĞŵĂŝŶŝŶ
ƚŚĂƚŽƚŚĞƌƐƚĂƚĞ͕ďĞĐĂƵƐĞƚŚĞĞŶĞƌŐǇďĂƌƌŝĞƌĨŽƌƚŚĞŝŶǀĞƌƐĞƉƌŽĐĞƐƐŝƐŵƵĐŚŚŝŐŚĞƌ͘,ŽǁĞǀĞƌ͕ŝĨƚŚĞ
ĨŝĞůĚǀĞĐƚŽƌŝƐŶĞĂƌƚŚĞŚĂƌĚĂǆŝƐĐƵƐƉƐŽĨƚŚĞ^tĂƐƚƌŽŝĚďƵƚŽŶƚŚĞŝŶƐŝĚĞ͕ŵƵůƚŝƉůĞƐǁŝƚĐŚŝŶŐĞǀĞŶƚƐ
ĂƌĞƉŽƐƐŝďůĞ͕ďĞĐĂƵƐĞƚŚĞĞŶĞƌŐǇůĞǀĞůƐĨŽƌďŽƚŚƐƚĂƚĞƐĂƌĞǀĞƌǇƐŝŵŝůĂƌ͘KŶĐĞƚŚĞƉĂƌƚŝĐůĞƐǁŝƚĐŚĞƐ͕ĂƐ
ůŽŶŐĂƐƚŚĞĨŝĞůĚƌĞŵĂŝŶƐŶĞĂƌƚŚĞĐƵƐƉ͕ƚŚĞƌĞŝƐĂƉŽƐƐŝďŝůŝƚǇŝƚǁŝůůƐŝŵƉůǇƐǁŝƚĐŚďĂĐŬ͘tĞĐĂŶĚĞĨŝŶĞ
ƚŚĞƚŝŵĞĐŽŶƐƚĂŶƚƐĂŶĚƉƌŽďĂďŝůŝƚŝĞƐĨŽƌďŽƚŚƐǁŝƚĐŚŝŶŐƉƌŽĐĞƐƐĞƐĂƐ
 %
E
k TeW W
np'
np   ;ϭϯͿ
 %
E
k TeW W
pn'
pn   ;ϭϰͿ
ǁŚĞƌĞ Epn' ĂŶĚ Enp' ŝƐƚŚĞĞŶĞƌŐǇďĂƌƌŝĞƌŚĞŝŐŚƚǁŝƚŚŝŶƚŚĞĚŽǁŶƐƚĂƚĞĂŶĚƵƉƐƚĂƚĞ͕ƌĞƐƉĞĐƚŝǀĞůǇ͘
ŽŶƐĞƋƵĞŶƚůǇ͕ƚŚĞƌĞƐƉĞĐƚŝǀĞƚƌĂŶƐŝƚŝŽŶƉƌŽďĂďŝůŝƚŝĞƐĂƌĞŐŝǀĞŶďǇ

P
p e
W
Wnp

np    ;ϭϱͿ

P
p e
W
Wpn

pn    ;ϭϲͿ
/ŶŽƌĚĞƌƚŽƐŝŵƵůĂƚĞƚŚĞƚŚĞƌŵĂůůǇĂĐƚŝǀĂƚĞĚƉƌŽĐĞƐƐ͕ƚŚĞƚŝŵĞƚŝŶƋ͘;ϭͿŝƐĚŝƐĐƌĞƚŝǌĞĚŝŶĞƋƵĂůƚŝŵĞ
ƐƚĞƉƐWŵ͘tŝƚŚŝŶĞĂĐŚƚŝŵĞƐƚĞƉ͕ƚŚĞƐǁŝƚĐŚŝŶŐƉƌŽďĂďŝůŝƚǇƉĂĐĐŽƌĚŝŶŐƚŽƋ͘;ϭϮͿŝƐĐĂůĐƵůĂƚĞĚ͘dŚĞ
ƉƌŽďĂďŝůŝƚǇŝƐĐŽŵƉĂƌĞĚǁŝƚŚĂƌĂŶĚŽŵŶƵŵďĞƌƌďĞƚǁĞĞŶ rd d ͘/ĨƉхƌ͕ƚŚĞƉĂƌƚŝĐůĞŝƐƌĞǀĞƌƐĞĚ
ĂŶĚƐĞƚŝŶƚŽƚŚĞŶĞǁĞƋƵŝůŝďƌŝƵŵƐƚĂƚĞ͘

ǆƉĞƌŝŵĞŶƚĂůƐĞƚƵƉƚŽŵĞĂƐƵƌĞĚŽŵĂŝŶƉŚĂƐĞŶŽŝƐĞ

WŚĂƐĞŶŽŝƐĞŵĞĂƐƵƌĞŵĞŶƚƐǁĞƌĞƉĞƌĨŽƌŵĞĚŝŶĂϯͲĂǆŝƐ,ĞůŵŚŽůƚǌĐŽŝůĨƌŽŵDŝĐƌŽŵĂŐŶĞƚŝĐƐ/ŶĐ͘ǁŝƚŚ
ĂŚŽŵŽŐĞŶĞŽƵƐŵĂŐŶĞƚŝĐƌĞŐŝŽŶŽĨ;ϯϬǆϯϬǆϯϬͿŵŵϹ͘dŚĞƐŝǌĞŽĨƚŚĞƐƉĞĐŝŵĞŶǁŝƚŚƚŚĞďŽŶĚĞĚ'DZ
ĚĞǀŝĐĞŝƐϮ͘ϳϵŵŵǆϭ͘ϳϵŵŵ͘dŚĞ'DZĚĞǀŝĐĞŝƐƐƚŝŵƵůĂƚĞĚǁŝƚŚŵĂŐŶĞƚŝĐĨŝĞůĚƐŽĨƐŝŶƵƐŽŝĚĂůƐŚĂƉĞ
ŝŶƚŚĞǆĂŶĚǆĚŝƌĞĐƚŝŽŶ͕ĂŶĚƚŚĞǀŽůƚĂŐĞĐŚĂŶŐĞǁĂƐƌĞĂĚǀŝĂϰͲƉŽŝŶƚŵĞĂƐƵƌĞŵĞŶƚ;/ĨŽƌĐĞсϭϴϬʅͿ͘
&ŽƌƉƌŽƉĞƌƉŚĂƐĞŶŽŝƐĞĚĞƚĞƌŵŝŶĂƚŝŽŶ͕ĂŚŝŐŚͲƐƉĞĞĚĚĂƚĂĂĐƋƵŝƐŝƚŝŽŶĐĂƌĚŽĨE/ǁŝƚŚϴƐŝŵƵůƚĂŶĞŽƵƐ
ŝŶƉƵƚƐĂŶĚϮĂŶĂůŽŐŽƵƚƉƵƚƐǁĂƐƵƐĞĚ͘dŚĞƐĂŵƉůĞƌĂƚĞǁĂƐǀĂƌŝĂďůĞǁŝƚŚϱϬϬϬĚĂƚĂƉŽŝŶƚƐƉĞƌ

ƉĞƌŝŽĚ͘,ĞŶĐĞ͕ƚŚĞƐƚŝŵƵůĂƚĞĚƐŝŐŶĂůĂƚϱϬ,ǌƵƐĞĚĂƐĂŵƉůĞƚŝŵĞŽĨϰʅƐ͘dŽĞŶƐƵƌĞĂĐĐĞƉƚĂďůĞ
ƐƚĂƚŝƐƚŝĐƐ͕ϯϬϬƉĞƌŝŽĚƐǁĞƌĞŵĞĂƐƵƌĞĚ͕ĂŶĚƚŚĞďĂĐŬŐƌŽƵŶĚŶŽŝƐĞǁĂƐďĞůŽǁϬ͘Ϭϭй͘

ǆƉĞƌŝŵĞŶƚĂůƐĞƚƵƉŽĨƚŽƚĂůŶŽŝƐĞƉŽǁĞƌŵĞĂƐƵƌĞŵĞŶƚ
dŚĞĚĞǀŝĐĞƵŶĚĞƌƚĞƐƚ;hdͿŝƐƐƵƉƉůŝĞĚďǇĂďĂƚƚĞƌǇƚŽƌĞĚƵĐĞĞǆƚĞƌŶĂůŶŽŝƐĞƐŽƵƌĐĞƐ͘dŽƌĞŐƵůĂƚĞƚŚĞ
ĂƉƉůŝĞĚǀŽůƚĂŐĞŽŶƚŚĞhd͕ĂƉŽƚĞŶƚŝŽŵĞƚĞƌŝƐĐŽŶŶĞĐƚĞĚŝŶƐĞƌŝĞƐ͕ĂŶĚƚŚĞĐƵƌƌĞŶƚŝƐŵŽŶŝƚŽƌĞĚ
ǁŝƚŚĂŵƵůƚŝŵĞƚĞƌ͘dŚĞĨƵůůǇĚŝĨĨĞƌĞŶƚŝĂůƉƌĞĂŵƉůŝĨŝĞƌŝƐďĂƐĞĚŽŶƚŚĞǁŽƌŬŽĨ^ĐĂŶĚƵƌƌĂĞƚĂů͘ϯϵ͘/ƚ
ƵƐĞƐƚǁŽƐǇŵŵĞƚƌŝĐĂů:&dƐĨŽƌĂǀĞƌǇůŽǁĞƋƵŝǀĂůĞŶƚŝŶƉƵƚǀŽůƚĂŐĞŶŽŝƐĞ͕ĨŽůůŽǁĞĚďǇƚǁŽ
ŽƉĞƌĂƚŝŽŶĂůĂŵƉůŝĨŝĞƌƐŝŶƚŚĞĨŝƌƐƚƐƚĂŐĞ͕ƌĞƐƵůƚŝŶŐŝŶĂŶĂŵƉůŝĨŝĐĂƚŝŽŶŽĨϭϬϬ͘ƐĞĐŽŶĚͲƐƚĂŐĞ
ŽƉĞƌĂƚŝŽŶĂůĂŵƉůŝĨŝĞƌƌĞŵŽǀĞƐƚŚĞďŝŐĐŽŵƉŽŶĞŶƚƉƌŽĚƵĐĞĚďǇƚŚĞ:&dƐĂŶĚĂŵƉůŝĨŝĞƐƚŚĞŝŶƉƵƚ
ƐŝŐŶĂůďǇĂĨĂĐƚŽƌŽĨϭϬϬ͘dŚĞƚŽƚĂůĂŵƉůŝĨŝĐĂƚŝŽŶŽĨďŽƚŚƐƚĂŐĞƐŐŝǀĞƐĂĨĂĐƚŽƌŽĨϭϬϰ͘'ŽŽĚ
ƉĞƌĨŽƌŵĂŶĐĞĐĂŶďĞƌĞĂĐŚĞĚŝŶƚŚĞƌĂŶŐĞŽĨϰ,ǌƚŽϭϬŬ,ǌ͘^W>ŽĐŬͲŝŶŵƉůŝĨŝĞƌ;>/Ϳ^ZϴϯϬĨƌŽŵ
^ƚĂŶĨŽƌĚZĞƐĞĂƌĐŚ^ǇƐƚĞŵƐŝƐƵƐĞĚƚŽŽďƚĂŝŶƚŚĞĂŵƉůŝĨŝĞĚŶŽŝƐĞĨƌŽŵƚŚĞƉƌĞĂŵƉůŝĨŝĞƌ͘/ƚƉƌŽĚƵĐĞƐĂ
ŶŽŝƐĞǀĂůƵĞǁŝƚŚĂďĂŶĚǁŝĚƚŚŽĨϬ͘Ϭϭ,ǌ͘
dŽƉĞƌĨŽƌŵĨŝĞůĚŵĞĂƐƵƌĞŵĞŶƚƐ͕ƚŚĞhdŝƐƉůĂĐĞĚŝŶƚŚĞĐĞŶƚĞƌŽĨĂ'DtϯϰϳϬĚŝƉŽůĞ
ĞůĞĐƚƌŽŵĂŐŶĞƚ͕ŐĞŶĞƌĂƚŝŶŐĂŚŽŵŽŐĞŶĞŽƵƐŵĂŐŶĞƚŝĐĨŝĞůĚĂƚƚŚĞƐĞŶƐŽƌƉŽƐŝƚŝŽŶ͘dŚĞĐƵƌƌĞŶƚĨŽƌƚŚĞ
ĞůĞĐƚƌŽŵĂŐŶĞƚŝƐƌĞŐƵůĂƚĞĚďǇĂďŝƉŽůĂƌŽƉĞƌĂƚŝŽŶĂůĂŵƉůŝĨŝĞƌ;KWĨƌŽŵƚŚĞ<WKŽŵƉĂŶǇͿ͘
^ƵƉƉůǇĂŶĚŵŽŶŝƚŽƌŝŶŐŽĨƚŚĞƐĞŶƐŽƌĂƌĞĚŽŶĞďǇĂ<ĞŝƚŚůĞǇϮϰϬϬƐŽƵƌĐĞŵĞƚĞƌ͘

&ĂďƌŝĐĂƚŝŽŶŽĨƚŚĞƐĞŶƐŽƌƐƚĂĐŬ
dŚĞƐĞŶƐŽƌƐƚĂĐŬŝƐĨĂďƌŝĐĂƚĞĚďǇƉŚǇƐŝĐĂůǀĂƉŽƌĚĞƉŽƐŝƚŝŽŶ;WsͿ͘dŚĞŵĂŐŶĞƚŝĐƐƚĂĐŬŝƐƐƚƌƵĐƚƵƌĞĚďǇ
ƉŚŽƚŽůŝƚŚŽŐƌĂƉŚǇĂŶĚŝŽŶďĞĂŵĞƚĐŚŝŶŐ͘dŚĞƐĞŶƐŽƌƐƚĂĐŬĐŽŶƐŝƐƚƐŽĨĂƐǇŶƚŚĞƚŝĐĂŶƚŝĨĞƌƌŽŵĂŐŶĞƚŝĐ
;^ͿƌĞĨĞƌĞŶĐĞƐǇƐƚĞŵ;ƉŝŶŶĞĚůĂǇĞƌͿŽĨƚǁŽŽ&Ğ>ĂǇĞƌƐƚŚĂƚĂƌĞĂŶƚŝƉĂƌĂůůĞůůǇĐŽƵƉůĞĚǀŝĂĂŶZƵ
ůĂǇĞƌ͘dŚĞ^ŝƐƉŝŶŶĞĚƚŽĂŶĂŶƚŝĨĞƌƌŽŵĂŐŶĞƚŝĐWƚDŶůĂǇĞƌ͘ƵůĂǇĞƌŝƐƵƐĞĚĂƐĂƐƉĂĐĞƌ͘dŚĞĨƌĞĞ
ůĂǇĞƌĐŽŶƐŝƐƚŽĨŽ&ĞͲďĂƐĞĚĂůůŽǇƐ͘dŚĞƐĞŶƐŽƌƐƚĂĐŬŝƐĐŽŶƚĂĐƚĞĚďǇǀŝĂƐ͕ĂƐƐŚŽǁŶƐĐŚĞŵĂƚŝĐĂůůǇŝŶ
&ŝŐ͘Ϯ;ǀϯͿ͕ƚŚĂƚĂƌĞĐŽŶŶĞĐƚĞĚƚŚƌŽƵŐŚƚŚĞƐƵďƐƚƌĂƚĞƚŽƚŚĞƌĞĨĞƌĞŶĐĞƐǇƐƚĞŵ͘dŚĞĐƵƌƌĞŶƚĨůŽǁŝƐŝŶ
ƉůĂŶĞŽĨƚŚĞƐĞŶƐŽƌƐƚĂĐŬ;/WͿ͘

ŽŶƚƌŝďƵƚŝŽŶƐ
͘^͕͘͘^͕:͘͕t͘Z͕͘,͘͘ĐŽŶĐĞŝǀĞĚƚŚĞǀŽƌƚĞǆĐŽŶĐĞƉƚĨŽƌůŽǁŶŽŝƐĞƐĞŶƐŝŶŐ͘͘W͘ƉƌĞƉĂƌĞĚƚŚĞ
ƐĂŵƉůĞƐ͘͘^͕͘,͘t͕͘͘W͕͘͘,͕͘,͘͘ĚĞƐŝŐŶĞĚĂŶĚƉĞƌĨŽƌŵĞĚƚŚĞĞǆƉĞƌŝŵĞŶƚƐĂŶĚĂŶĂůǇƐĞĚƚŚĞ

ĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂ͘͘Ͳ,͘ƉĞƌĨŽƌŵĞĚĂŶĚĞǀĂůƵĂƚĞĚƚŚĞŵŝĐƌŽŵĂŐŶĞƚŝĐƐŝŵƵůĂƚŝŽŶƐ͘͘^͕͘͘Ͳ,͕͘͘
s͕͘&͘͕͘͘͘ĂŶĚd͘^͘ĚĞǀĞůŽƉĞĚĂŶĚŝŵƉƌŽǀĞĚƚŚĞŵŝĐƌŽŵĂŐŶĞƚŝĐĐŽĚĞ͘͘^͕͘͘Ͳ,͕͘͘^͕͘͘W͕͘:͘͕͘
^͘>͕͘t͘Z͘ĂŶĚ,͘͘ŝŶƚĞƌƉƌĞƚĞĚƚŚĞƌĞƐƵůƚƐ͘͘^͕͘͘Ͳ,͘ĂŶĚ,͘͘ǁƌŽƚĞƚŚĞŵĂŶƵƐĐƌŝƉƚǁŝƚŚŝŶƉƵƚ
ĨƌŽŵĂůůĐŽĂƵƚŚŽƌƐ͘ůůĂƵƚŚŽƌƐĚŝƐĐƵƐƐĞĚƚŚĞƌĞƐƵůƚƐĂŶĚĐŽŵŵĞŶƚĞĚŽŶƚŚĞŵĂŶƵƐĐƌŝƉƚ͘

ĐŬŶŽǁůĞĚŐĞŵĞŶƚ
dŚĞĨŝŶĂŶĐŝĂůƐƵƉƉŽƌƚďǇƚŚĞƵƐƚƌŝĂŶ&ĞĚĞƌĂůDŝŶŝƐƚƌǇŽĨ^ĐŝĞŶĐĞ͕ZĞƐĞĂƌĐŚĂŶĚĐŽŶŽŵǇĂŶĚƚŚĞ
EĂƚŝŽŶĂů&ŽƵŶĚĂƚŝŽŶĨŽƌZĞƐĞĂƌĐŚ͕dĞĐŚŶŽůŽŐǇĂŶĚĞǀĞůŽƉŵĞŶƚĂƐǁĞůůĂƐƚŚĞƵƐƚƌŝĂŶ^ĐŝĞŶĐĞ&ƵŶĚ
;&t&ͿƵŶĚĞƌŐƌĂŶƚ&ϰϭϭϮ^&sŝŽDŝƐŐƌĂƚĞĨƵůůǇĂĐŬŶŽǁůĞĚŐĞĚ͘dŚĞĐŽŵƉƵƚĂƚŝŽŶĂůƌĞƐƵůƚƐ
ƉƌĞƐĞŶƚĞĚŚĂǀĞďĞĞŶĂĐŚŝĞǀĞĚƵƐŝŶŐƚŚĞsŝĞŶŶĂ^ĐŝĞŶƚŝĨŝĐůƵƐƚĞƌ;s^Ϳ͘

ŽŵƉĞƚŝŶŐĨŝŶĂŶĐŝĂůŝŶƚĞƌĞƐƚƐ
dŚĞĂƵƚŚŽƌƐĚĞĐůĂƌĞŶŽĐŽŵƉĞƚŝŶŐĨŝŶĂŶĐŝĂůŝŶƚĞƌĞƐƚƐ͘
ŽƌƌĞƐƉŽŶĚŝŶŐĂƵƚŚŽƌ
ŽƌƌĞƐƉŽŶĚĞŶĐĞƚŽ͗ŝĞƚĞƌ^ƵĞƐƐ


&ŝŐ͘ϭ͗^ĐŚĞŵĂƚŝĐůĂǇŽƵƚĂŶĚƚƌĂŶƐĨĞƌĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐŽĨƐƉŝŶǀĂůǀĞƐĞŶƐŽƌƐƚƌƵĐƚƵƌĞƐĐŽŶƐŝƐƚŝŶŐ
ŽĨĂŵĂŐŶĞƚŝĐĂůůǇƉŝŶŶĞĚůĂǇĞƌ;ǀŝŽůĞƚͿ͕ĂƐƉĂĐĞƌůĂǇĞƌ;ŽƌĂŶŐĞͿ͕ĂŶĚĂŵĂŐŶĞƚŝĐĂůůǇĨƌĞĞůĂǇĞƌ
;ďůƵĞͿ͘;ĂͿ^ƚĂƚĞͲŽĨͲƚŚĞͲĂƌƚǆDZƐĞŶƐŽƌ͖;ďͿsŽƌƚĞǆƐƚĂƚĞƐƚƌƵĐƚƵƌĞ͘




 

&ŝŐ͘Ϯ͗;ĞϭͲĞϯͿ&ĂůůŝŶŐĞĚŐĞƉŚĂƐĞŶŽŝƐĞŽĨĞůůŝƉƚŝĐĂů'DZƐĞŶƐŽƌǁŝƚŚĨƌĞĞůĂǇĞƌĚŝŵĞŶƐŝŽŶƐŽĨ
ǇсϲPŵ͕ǆсϭPŵĂŶĚƚŚŝĐŬŶĞƐƐƚсϱŶŵ;ŐĞŽŵĞƚƌǇŽĨƐƚĂƚĞŽĨƚŚĞĂƌƚĐŽŵŵĞƌĐŝĂůůǇƵƐĞĚ
ƐĞŶƐŽƌͿ͘;ĞϭͿDĞĂƐƵƌĞŵĞŶƚŽĨϭϲĞůĞĐƚƌŝĐĂůůǇĐŽŶŶĞĐƚĞĚ͕ĞůůŝƉƚŝĐĂůŽ&ĞƚƌĂŶƐĚƵĐĞƌĞůĞŵĞŶƚƐ͘
;ĞϮͿDŝĐƌŽŵĂŐŶĞƚŝĐƐŝŵƵůĂƚŝŽŶƐŽĨƚŚĞƉŚĂƐĞŶŽŝƐĞŽĨĂƐŝŶŐůĞĞůĞŵĞŶƚ;ĞϯͿ͘WŚĂƐĞŶŽŝƐĞ
ŽďƚĂŝŶĞĚĨƌŽŵƚŚĞ^ƚŽŶĞƌͲtŽŚůĨĂƌƚŚŵŽĚĞůĂƚdсϯϬϬ<͘
;ǀϭͲǀϮͿWŚĂƐĞŶŽŝƐĞŽĨĂ'DZǀŽƌƚĞǆƐĞŶƐŽƌŽĨĚŝĂŵĞƚĞƌĚсϮPŵĂŶĚƚŚŝĐŬŶĞƐƐƚсϴϬŶŵ͘
;ǀϭͿǆƉĞƌŝŵĞŶƚĂůůǇŽďƚĂŝŶĞĚƉŚĂƐĞŶŽŝƐĞŽĨĞůĞĐƚƌŝĐĂůůǇĐŽŶŶĞĐƚĞĚϭϳϱϮĚŝƐŬͲƐŚĂƉĞĚ
ĞůĞŵĞŶƚƐ;ǀϯͿdŚĞǀŽƌƚĞǆƐĞŶƐŽƌŝƐƐŚŽǁŶǁŝƚŚƚŚĞĐŽŶƚĂĐƚƐ;ǀŝĂƐͿƐĐŚĞŵĂƚŝĐĂůůǇ͘




 

&ŝŐ͘ϯ͗ŽŵƉĂƌŝƐŽŶŽĨDǆ;,ǆͿĨŽƌƚŚĞŵĞĂƐƵƌĞŵĞŶƚ;ŐƌĞĞŶͿ͕ƚŚĞ^ƚŽŶĞƌʹtŽŚůĨĂƌƚŚŵŽĚĞů
;ďůƵĞͿ͕ĂŶĚƚŚĞŵŝĐƌŽŵĂŐŶĞƚŝĐŵŽĚĞů;ƌĞĚͿ͘dŚƌĞĞĚŝĨĨĞƌĞŶƚĐŚĂƌĂĐƚĞƌŝƐƚŝĐƌŽƚĂƚŝŶŐĨŝĞůĚ
ƐƚƌĞŶŐƚŚƐĂƌĞƐŚŽǁŶ͘;ĂͿ&ŝĞůĚƐƐŵĂůůĞƌƚŚĂŶƚŚĞƉŚĂƐĞŶŽŝƐĞĐƌŽŝƐƐĂŶƚ͗^ƚŽŶĞƌʹtŽŚůĨĂƌƚŚ͗ǆ
сϰ͘Ϭϯϱŵd͕ǇсϮ͘ϭϲϲŵd͖ŵŝĐƌŽŵĂŐŶĞƚŝĐ͗ǆсϰ͘ϱŵd͕ǇсϮ͘ϰŵd͖ŵĞĂƐƵƌĞŵĞŶƚ͗ǆсϯŵd͕
Ǉсϭ͘ϳϯϳŵd͘;ďͿƚƚŚĞƉŚĂƐĞŶŽŝƐĞĐƌŽŝƐƐĂŶƚ͗^ƚŽŶĞƌʹtŽŚůĨĂƌƚŚ͗ǆсϲ͘ϯϭϲŵd͕Ǉсϯ͘ϯϵϭ
ŵd͖ŵŝĐƌŽŵĂŐŶĞƚŝĐ͗ǆсϳ͘ϰϯŵd͕Ǉсϯ͘ϵϲϳŵd͖ŵĞĂƐƵƌĞŵĞŶƚ͗ǆсϱŵd͕ǇсϮ͘ϴϵϱŵd͘;ĐͿ
&ŝĞůĚƐůĂƌŐĞƌƚŚĂŶƚŚĞƉŚĂƐĞŶŽŝƐĞĐƌŽŝƐƐĂŶƚ͕ǆсϭϯ͘ϬϮŵd͕Ǉсϲ͘ϵϵϯŵd͖ŵŝĐƌŽŵĂŐŶĞƚŝĐ͗ǆс
ϭϯ͘ϯϮŵd͕Ǉсϳ͘ϭϬϮŵd͖ŵĞĂƐƵƌĞŵĞŶƚ͗ǆсϵŵd͕Ǉсϱ͘Ϯϭϭŵd͘



&ŝŐ͘ϰ͗;ĂͿDǆĐŽŵƉŽŶĞŶƚŽĨƚŚĞĞůůŝƉƚŝĐĂůĞůĞŵĞŶƚŽĨ&ŝŐ͘ϮĂƐĂĨƵŶĐƚŝŽŶŽĨ,ǆŽĨĂƌŽƚĂƚŝŶŐ
ĨŝĞůĚ͘dŚĞĨŝƌƐƚŚǇƐƚĞƌĞƐŝƐĐǇĐůĞŝƐŵĂƌŬĞĚďǇƚŚĞƐƚĂƚĞƐϭͲϰ;ƌĞĚͿ͘dŚĞƐĞĐŽŶĚŚǇƐƚĞƌĞƐŝƐ
ĐǇĐůĞŝƐŵĂƌŬĞĚďǇƚŚĞƐƚĂƚĞƐϭͲϰ;ŐƌĞĞŶͿ͘;ďͿdŚĞŵĂŐŶĞƚŝĐǆĂŶĚǇĐŽŵƉŽŶĞŶƚŽĨƚŚĞ
ŵĂŐŶĞƚŝǌĂƚŝŽŶŽĨƚŚĞƐƚĂƚĞƐϭƚŽϰĂŶĚϭƚŽϰĂƌĞĐŽůŽƌͲĐŽĚĞĚ͘dŚĞůĂƐƚĐŽůƵŵŶ;ŝĨĨͿ
ƐŚŽǁƐƚŚĞŵĂŐŶŝƚƵĚĞŽĨƚŚĞĚŝĨĨĞƌĞŶĐĞǀĞĐƚŽƌŽĨƚŚĞĐŽƌƌĞƐƉŽŶĚŝŶŐƐƚĂƚĞĂŶĚƐƚĂƚĞ͘dŚĞ
ĐŽůŽƌĐŽĚĞŝŶƚŚĞŝĨĨͲĐŽůƵŵŶŝƐďůŽǁŶƵƉƚŽĐůĞĂƌůǇǀŝƐƵĂůŝǌĞƌĞŐŝŽŶƐǁŝƚŚůĂƌŐĞĚŝĨĨĞƌĞŶĐĞ͘




&ŝŐ͘ϱ͗ŽŵƉĂƌŝƐŽŶŽĨƐĞŶƐŽƌƉĞƌĨŽƌŵĂŶĐĞŽĨĂŶĞůůŝƉƚŝĐĂů'DZƐĞŶƐŽƌ;ƐƚĂƚĞŽĨƚŚĞĂƌƚ
ĐŽŵŵĞƌĐŝĂůůǇƵƐĞĚƐĞŶƐŽƌͿ;ǆсϭђŵ͕Ǉсϲђŵ͕ƚсϱŶŵ͕ĂƌƌĂǇŽĨϭϱϯϲĞůĞŵĞŶƚƐͿĂŶĚĂĚŝƐŬͲ
ƐŚĂƉĞĚǀŽƌƚĞǆ'DZƐĞŶƐŽƌ;ĚсϮђŵ͕ƚсϳϬŶŵ͕ĂƌƌĂǇŽĨϮϯϱϱĞůĞŵĞŶƚƐͿǁŝƚŚĂŽ&ĞďĂƐĞĚ
ĨƌĞĞůĂǇĞƌ͘dŚĞĞǆƚĞƌŶĂůĨŝĞůĚŝƐĂƉƉůŝĞĚĂůŽŶŐƚŚĞƌĞĨĞƌĞŶĐĞŵĂŐŶĞƚŝǌĂƚŝŽŶ͘;ĂͿdŚĞ
ŶŽƌŵĂůŝǌĞĚƚƌĂŶƐĨĞƌĐƵƌǀĞ͕ƐŚŽǁŝŶŐĂůŝŶĞĂƌƌĂŶŐĞŽĨƚŚĞǀŽƌƚĞǆƐĞŶƐŽƌ͕ǁŚŝĐŚŝƐůĂƌŐĞƌďǇĂ
ĨĂĐƚŽƌŽĨĂďŽƵƚϳƚŚĂŶĨŽƌƚŚĞĞůůŝƉƚŝĐĂůƐĞŶƐŽƌ͘;ďͿŽŵƉĂƌŝƐŽŶŽĨƚŚĞĨƌĞƋƵĞŶĐǇͲĚĞƉĞŶĚĞŶƚ
ŶŽŝƐĞĨŽƌĂƐƵƉƉůǇǀŽůƚĂŐĞŽĨϮ͘ϱs͘;ĐͿŽŵƉĂƌŝƐŽŶŽĨƚŚĞĚĞƚĞĐƚŝǀŝƚǇ;ĨŝĞůĚŶŽŝƐĞͿ͘


 


ϭ͘ zƵĂƐĂ͕^͕͘EĂŐĂŚĂŵĂ͕d͕͘&ƵŬƵƐŚŝŵĂ͕͕͘^ƵǌƵŬŝ͕z͘ΘŶĚŽ͕<͘'ŝĂŶƚƌŽŽŵͲƚĞŵƉĞƌĂƚƵƌĞ
ŵĂŐŶĞƚŽƌĞƐŝƐƚĂŶĐĞŝŶƐŝŶŐůĞͲĐƌǇƐƚĂů&ĞͬDŐKͬ&ĞŵĂŐŶĞƚŝĐƚƵŶŶĞůũƵŶĐƚŝŽŶƐ͘EĂƚ͘DĂƚĞƌ͘ϯ͕
ŶŵĂƚϭϮϱϳ;ϮϬϬϰͿ͘
Ϯ͘ ƌĂƵŶ͕,͘Ͳ͘dŽƉŽůŽŐŝĐĂůĞĨĨĞĐƚƐŝŶŶĂŶŽŵĂŐŶĞƚŝƐŵ͗ĨƌŽŵƐƵƉĞƌƉĂƌĂŵĂŐŶĞƚŝƐŵƚŽĐŚŝƌĂůƋƵĂŶƚƵŵ
ƐŽůŝƚŽŶƐ͘Ěǀ͘WŚǇƐ͘ϲϭ͕ϭʹϭϭϲ;ϮϬϭϮͿ͘
ϯ͘ 'ŝĞďĞůĞƌ͕͘ĞƚĂů͘ZŽďƵƐƚ'DZƐĞŶƐŽƌƐĨŽƌĂŶŐůĞĚĞƚĞĐƚŝŽŶĂŶĚƌŽƚĂƚŝŽŶƐƉĞĞĚƐĞŶƐŝŶŐ͘^ĞŶƐ͘
ĐƚƵĂƚŽƌƐWŚǇƐ͘ϵϭ͕ϭϲʹϮϬ;ϮϬϬϭͿ͘
ϰ͘ 'ƌĂŚĂŵ͕͘>͕͘&ĞƌƌĞŝƌĂ͕,͘͘Θ&ƌĞŝƚĂƐ͕W͘W͘DĂŐŶĞƚŽƌĞƐŝƐƚŝǀĞͲďĂƐĞĚďŝŽƐĞŶƐŽƌƐĂŶĚďŝŽĐŚŝƉƐ͘
dƌĞŶĚƐŝŽƚĞĐŚŶŽů͘ϮϮ͕ϰϱϱʹϰϲϮ;ϮϬϬϰͿ͘
ϱ͘ ŝŶĂƐĐŚ͕'͕͘'ƌƺŶďĞƌŐ͕W͕͘^ĂƵƌĞŶďĂĐŚ͕&͘ΘŝŶŶ͕t͘ŶŚĂŶĐĞĚŵĂŐŶĞƚŽƌĞƐŝƐƚĂŶĐĞŝŶůĂǇĞƌĞĚ
ŵĂŐŶĞƚŝĐƐƚƌƵĐƚƵƌĞƐǁŝƚŚĂŶƚŝĨĞƌƌŽŵĂŐŶĞƚŝĐŝŶƚĞƌůĂǇĞƌĞǆĐŚĂŶŐĞ͘WŚǇƐ͘ZĞǀ͘ϯϵ͕ϰϴϮϴʹϰϴϯϬ
;ϭϵϴϵͿ͘
ϲ͘ ĂŝďŝĐŚ͕D͘E͘ĞƚĂů͘'ŝĂŶƚDĂŐŶĞƚŽƌĞƐŝƐƚĂŶĐĞŽĨ;ϬϬϭͿ&Ğͬ;ϬϬϭͿƌDĂŐŶĞƚŝĐ^ƵƉĞƌůĂƚƚŝĐĞƐ͘WŚǇƐ͘
ZĞǀ͘>Ğƚƚ͘ϲϭ͕ϮϰϳϮʹϮϰϳϱ;ϭϵϴϴͿ͘
ϳ͘ DŝǇĂǌĂŬŝ͕d͘ΘdĞǌƵŬĂ͕E͘'ŝĂŶƚŵĂŐŶĞƚŝĐƚƵŶŶĞůŝŶŐĞĨĨĞĐƚŝŶ&ĞͬůϮKϯͬ&ĞũƵŶĐƚŝŽŶ͘:͘DĂŐŶ͘DĂŐŶ͘
DĂƚĞƌ͘ϭϯϵ͕>Ϯϯϭʹ>Ϯϯϰ;ϭϵϵϱͿ͘
ϴ͘ ŝĞƚŵĂǇĞƌ͕<͘͘:͘DĂŐŶĞƚŝƐĐŚĞ^ĞŶƐŽƌĞŶĂƵĨĂƐŝƐĚĞƐDZͲĨĨĞŬƚƐ;DĂŐŶĞƚŝĐ^ĞŶƐŽƌƐĂƐĞĚŽŶ
ƚŚĞDZͲĨĨĞĐƚͿ͘dŵʹdĞĐŚ͘DĞƐƐ͘WůĂƚƚĨ͘&ƺƌDĞƚŚŽĚĞŶ^ǇƐƚ͘ŶǁĞŶĚƵŶŐĞŶDĞƐƐƚĞĐŚ͘ϲϴ͕Ϯϲϵ
;ϮϬϬϵͿ͘
ϵ͘ :ƵůůŝĞƌĞ͕D͘dƵŶŶĞůŝŶŐďĞƚǁĞĞŶĨĞƌƌŽŵĂŐŶĞƚŝĐĨŝůŵƐ͘WŚǇƐ͘>Ğƚƚ͘ϱϰ͕ϮϮϱʹϮϮϲ;ϭϵϳϱͿ͘
ϭϬ͘ DĂŐŶĞƚŝĐ^ĞŶƐŽƌƐDĂƌŬĞƚdƌĂĐŬĞƌͲ,ϭϮϬϭϱͲ/,^dĞĐŚŶŽůŽŐǇ͘ǀĂŝůĂďůĞĂƚ͗
ŚƚƚƉƐ͗ͬͬƚĞĐŚŶŽůŽŐǇ͘ŝŚƐ͘ĐŽŵͬϱϰϳϮϱϵͬŵĂŐŶĞƚŝĐͲƐĞŶƐŽƌƐͲŵĂƌŬĞƚͲƚƌĂĐŬĞƌͲŚϭͲϮϬϭϱ͘;ĐĐĞƐƐĞĚ͗ϯϬƚŚ
ƵŐƵƐƚϮϬϭϳͿ
ϭϭ͘ ZŝĞŐĞƌ͕'͕͘>ƵĚǁŝŐ͕<͕͘,ĂƵĐŚ͕:͘ΘůĞŵĞŶƐ͕t͘'DZƐĞŶƐŽƌƐĨŽƌĐŽŶƚĂĐƚůĞƐƐƉŽƐŝƚŝŽŶ
ĚĞƚĞĐƚŝŽŶ͘^ĞŶƐ͘ĐƚƵĂƚŽƌƐWŚǇƐ͘ϵϭ͕ϳʹϭϭ;ϮϬϬϭͿ͘

ϭϮ͘ WŝĞƚĂŵďĂƌĂŵ͕^͘s͘ĞƚĂů͘ǆĐŚĂŶŐĞĐŽƵƉůŝŶŐĐŽŶƚƌŽůĂŶĚƚŚĞƌŵĂůĞŶĚƵƌĂŶĐĞŽĨƐǇŶƚŚĞƚŝĐ
ĂŶƚŝĨĞƌƌŽŵĂŐŶĞƚƐƚƌƵĐƚƵƌĞƐĨŽƌDZD͘/dƌĂŶƐ͘DĂŐŶ͘ϰϬ͕ϮϲϭϵʹϮϲϮϭ;ϮϬϬϰͿ͘
ϭϯ͘ ^ŝůǀĂ͕D͕͘>ĞŝƚĂŽ͕͘͕͘ĂƌĚŽƐŽ͕^͘Θ&ƌĞŝƚĂƐ͕W͘W͘dŽǁĂƌĚƉdĞƐůĂĞƚĞĐƚŝǀŝƚŝĞƐDĂŝŶƚĂŝŶŝŶŐ
DŝŶŝŵƵŵ^ĞŶƐŽƌ&ŽŽƚƉƌŝŶƚtŝƚŚsĞƌƚŝĐĂůWĂĐŬĂŐŝŶŐŽĨ^ƉŝŶsĂůǀĞƐ͘/dƌĂŶƐ͘DĂŐŶ͘ϱϯ͕ϭʹϱ
;ϮϬϭϳͿ͘
ϭϰ͘ sĂůĂĚĞŝƌŽ͕:͕͘>ĞŝƚĂŽ͕͘͕͘ĂƌĚŽƐŽ͕^͘Θ&ƌĞŝƚĂƐ͕W͘W͘/ŵƉƌŽǀĞĚĨĨŝĐŝĞŶĐǇŽĨdĂƉĞƌĞĚ
DĂŐŶĞƚŝĐ&ůƵǆŽŶĐĞŶƚƌĂƚŽƌƐtŝƚŚŽƵďůĞͲ>ĂǇĞƌƌĐŚŝƚĞĐƚƵƌĞ͘/dƌĂŶƐ͘DĂŐŶ͘ϱϯ͕ϭʹϱ;ϮϬϭϳͿ͘
ϭϱ͘ ŚĂŶƚƌĞůů͕Z͘t͕͘tĂůŵƐůĞǇ͕E͕͘'ŽƌĞ͕:͘ΘDĂǇůŝŶ͕D͘ĂůĐƵůĂƚŝŽŶƐŽĨƚŚĞƐƵƐĐĞƉƚŝďŝůŝƚǇŽĨ
ŝŶƚĞƌĂĐƚŝŶŐƐƵƉĞƌƉĂƌĂŵĂŐŶĞƚŝĐƉĂƌƚŝĐůĞƐ͘WŚǇƐ͘ZĞǀ͘ϲϯ͕ϬϮϰϰϭϬ;ϮϬϬϬͿ͘
ϭϲ͘ ^ƵĞƐƐ͕͘ĞƚĂů͘ZĞůŝĂďŝůŝƚǇŽĨ^ŚĂƌƌŽĐŬƐĞƋƵĂƚŝŽŶĨŽƌĞǆĐŚĂŶŐĞƐƉƌŝŶŐďŝůĂǇĞƌƐ͘WŚǇƐ͘ZĞǀ͘ϳϱ͕
ϭϳϰϰϯϬ;ϮϬϬϳͿ͘
ϭϳ͘ tĞůĐŽŵĞƚŽŵĂŐŶƵŵ͘ĨĚ͛ƐĚŽĐƵŵĞŶƚĂƚŝŽŶ͊ͶŵĂŐŶƵŵ͘ĨĚϬ͘ϮĚŽĐƵŵĞŶƚĂƚŝŽŶ͘ǀĂŝůĂďůĞĂƚ͗
ŚƚƚƉ͗ͬͬŵŝĐƌŽŵĂŐŶĞƚŝĐƐ͘ŽƌŐͬŵĂŐŶƵŵ͘ĨĚͬ͘;ĐĐĞƐƐĞĚ͗ϯϭƐƚƵŐƵƐƚϮϬϭϳͿ
ϭϴ͘ ďĞƌƚ͕͕͘tĂƵƚŝƐĐŚĞƌ͕'͕͘ƌƵĐŬŶĞƌ͕&͕͘^Ăƚǌ͕͘Θ^ƵĞƐƐ͕͘ĨĨŝĐŝĞŶƚĞŶĞƌŐǇŵŝŶŝŵŝǌĂƚŝŽŶŝŶ
ĨŝŶŝƚĞͲĚŝĨĨĞƌĞŶĐĞŵŝĐƌŽŵĂŐŶĞƚŝĐƐ͗^ƉĞĞĚŝŶŐƵƉŚǇƐƚĞƌĞƐŝƐĐŽŵƉƵƚĂƚŝŽŶƐ͘:͘ƉƉů͘WŚǇƐ͘ϭϭϲ͕;ϮϬϭϰͿ͘
ϭϵ͘ 'ŝůďĞƌƚ͕d͘>͘ƉŚĞŶŽŵĞŶŽůŽŐŝĐĂůƚŚĞŽƌǇŽĨĚĂŵƉŝŶŐŝŶĨĞƌƌŽŵĂŐŶĞƚŝĐŵĂƚĞƌŝĂůƐ͘/dƌĂŶƐ͘
DĂŐŶ͘ϰϬ͕ϯϰϰϯʹϯϰϰϵ;ϮϬϬϰͿ͘
ϮϬ͘ &ŝƐĐŚďĂĐŚĞƌ͕:͘ĞƚĂů͘EŽŶůŝŶĞĂƌĐŽŶũƵŐĂƚĞŐƌĂĚŝĞŶƚŵĞƚŚŽĚƐŝŶŵŝĐƌŽŵĂŐŶĞƚŝĐƐ͘/WĚǀ͘ϳ͕
ϬϰϱϯϭϬ;ϮϬϭϳͿ͘
Ϯϭ͘ ĂĐŚůĞŝƚŶĞƌͲ,ŽĨŵĂŶŶ͕͘ĞƚĂů͘hŶĞǆƉĞĐƚĞĚtŝĚƚŚŽĨDŝŶŽƌDĂŐŶĞƚŝĐ,ǇƐƚĞƌĞƐŝƐ>ŽŽƉƐŝŶ
EĂŶŽƐƚƌƵĐƚƵƌĞƐ͘/dƌĂŶƐ͘DĂŐŶ͘ϱϮ͕ϭʹϰ;ϮϬϭϲͿ͘
ϮϮ͘ DĐsŝƚŝĞ͕^͘ΘŚĂƉŵĂŶ͕:͘E͘DĂŐŶĞƚŝĐƐƚƌƵĐƚƵƌĞĚĞƚĞƌŵŝŶĂƚŝŽŶŝŶƐŵĂůůƌĞŐƵůĂƌůǇƐŚĂƉĞĚ
ƉĂƌƚŝĐůĞƵƐŝŶŐƚƌĂŶƐŵŝƐƐŝŽŶĞůĞĐƚƌŽŶŵŝĐƌŽƐĐŽƉǇ͘/dƌĂŶƐ͘DĂŐŶ͘Ϯϰ͕ϭϳϳϴʹϭϳϴϬ;ϭϵϴϴͿ͘
Ϯϯ͘ <ŝƌŬ͕<͘:͕͘ŚĂƉŵĂŶ͕:͘E͘ΘtŝůŬŝŶƐŽŶ͕͘͘t͘^ǁŝƚĐŚŝŶŐĨŝĞůĚƐĂŶĚŵĂŐŶĞƚŽƐƚĂƚŝĐ
ŝŶƚĞƌĂĐƚŝŽŶƐŽĨƚŚŝŶĨŝůŵŵĂŐŶĞƚŝĐŶĂŶŽĞůĞŵĞŶƚƐ͘ƉƉů͘WŚǇƐ͘>Ğƚƚ͘ϳϭ͕ϱϯϵʹϱϰϭ;ϭϵϵϳͿ͘
Ϯϰ͘ ŽǁďƵƌŶ͕Z͘W͕͘<ŽůƚƐŽǀ͕͘<͕͘ĚĞǇĞǇĞ͕͘K͕͘tĞůůĂŶĚ͕D͘͘ΘdƌŝĐŬĞƌ͕͘D͘^ŝŶŐůĞͲŽŵĂŝŶ
ŝƌĐƵůĂƌEĂŶŽŵĂŐŶĞƚƐ͘WŚǇƐ͘ZĞǀ͘>Ğƚƚ͘ϴϯ͕ϭϬϰϮʹϭϬϰϱ;ϭϵϵϵͿ͘

Ϯϱ͘ ^ĐŚŽůǌ͕t͘ĞƚĂů͘dƌĂŶƐŝƚŝŽŶĨƌŽŵƐŝŶŐůĞͲĚŽŵĂŝŶƚŽǀŽƌƚĞǆƐƚĂƚĞŝŶƐŽĨƚŵĂŐŶĞƚŝĐĐǇůŝŶĚƌŝĐĂů
ŶĂŶŽĚŽƚƐ͘:͘DĂŐŶ͘DĂŐŶ͘DĂƚĞƌ͘Ϯϲϲ͕ϭϱϱʹϭϲϯ;ϮϬϬϯͿ͘
Ϯϲ͘ :ƵďĞƌƚ͕W͘ͲK͘ΘůůĞŶƐƉĂĐŚ͕Z͘ŶĂůǇƚŝĐĂůĂƉƉƌŽĂĐŚƚŽƚŚĞƐŝŶŐůĞͲĚŽŵĂŝŶͲƚŽͲǀŽƌƚĞǆƚƌĂŶƐŝƚŝŽŶŝŶ
ƐŵĂůůŵĂŐŶĞƚŝĐĚŝƐŬƐ͘WŚǇƐ͘ZĞǀ͘ϳϬ͕ϭϰϰϰϬϮ;ϮϬϬϰͿ͘
Ϯϳ͘ ^ŚŝŶũŽ͕d͕͘KŬƵŶŽ͕d͕͘,ĂƐƐĚŽƌĨ͕Z͕͘^ŚŝŐĞƚŽ͕Ώ<͘ΘKŶŽ͕d͘DĂŐŶĞƟĐsŽƌƚĞǆŽƌĞKďƐĞƌǀĂƟŽŶ
ŝŶŝƌĐƵůĂƌŽƚƐŽĨWĞƌŵĂůůŽǇ͘^ĐŝĞŶĐĞϮϴϵ͕ϵϯϬʹϵϯϮ;ϮϬϬϬͿ͘
Ϯϴ͘ ZĂĂďĞ͕:͘ĞƚĂů͘DĂŐŶĞƚŝǌĂƚŝŽŶƉĂƚƚĞƌŶŽĨĨĞƌƌŽŵĂŐŶĞƚŝĐŶĂŶŽĚŝƐŬƐ͘:͘ƉƉů͘WŚǇƐ͘ϴϴ͕ϰϰϯϳʹ
ϰϰϯϵ;ϮϬϬϬͿ͘
Ϯϵ͘ sĂŶtĂĞǇĞŶďĞƌŐĞ͕͘ĞƚĂů͘DĂŐŶĞƚŝĐǀŽƌƚĞǆĐŽƌĞƌĞǀĞƌƐĂůďǇĞǆĐŝƚĂƚŝŽŶǁŝƚŚƐŚŽƌƚďƵƌƐƚƐŽĨ
ĂŶĂůƚĞƌŶĂƚŝŶŐĨŝĞůĚ͘EĂƚƵƌĞϰϰϰ͕ϰϲϭʹϰϲϰ;ϮϬϬϲͿ͘
ϯϬ͘ WƌŝďŝĂŐ͕s͘^͘ĞƚĂů͘DĂŐŶĞƚŝĐǀŽƌƚĞǆŽƐĐŝůůĂƚŽƌĚƌŝǀĞŶďǇĚ͘Đ͘ƐƉŝŶͲƉŽůĂƌŝǌĞĚĐƵƌƌĞŶƚ͘EĂƚ͘WŚǇƐ͘
ϯ͕ϰϵϴʹϱϬϯ;ϮϬϬϳͿ͘
ϯϭ͘ 'ƵƐůŝĞŶŬŽ͕<͘z͕͘EŽǀŽƐĂĚ͕s͕͘KƚĂŶŝ͕z͕͘^ŚŝŵĂ͕,͘Θ&ƵŬĂŵŝĐŚŝ͕<͘DĂŐŶĞƚŝǌĂƚŝŽŶƌĞǀĞƌƐĂůĚƵĞ
ƚŽǀŽƌƚĞǆŶƵĐůĞĂƚŝŽŶ͕ĚŝƐƉůĂĐĞŵĞŶƚ͕ĂŶĚĂŶŶŝŚŝůĂƚŝŽŶŝŶƐƵďŵŝĐƌŽŶĨĞƌƌŽŵĂŐŶĞƚŝĐĚŽƚĂƌƌĂǇƐ͘WŚǇƐ͘
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ABSTRACT
In this supplementary material details about the experimental grain structure, the simulation of vortex structures with edge
roughness, the origin of phase noise in Stoner Wohlfarth particles and critical fields as well as the connection between
detectivity and minimum measurable magnetic fields are given.
Experimental
Granular structure of the free layer
A typical free layer of state of the art sensors is shown in fig. (1), which is obtained by a transmission electron microscopy using
a FEI Tecnai F20 at TU-Wien/USTEM. In order to extract the grain size of the CoFe free layer a planar view is shown. The
average grain size is about 5nm which is sufficiently small leading to a nano-crystalline material with soft magnetic properties1.
Simulation
Edge roughness
To create rectangular and elliptical finite difference models with parameterizable edge roughness, the edges of the base shape
are discretized in segments of length Δs. While this is trivial for rectangular shapes, the segments for the elliptical shapes are
found iteratively, where the segment joints are given by
r(ϕi) =
(
bcosϕi
asinϕi
)
(1)
where a is the semi major axis, b is the semi minor axis, and ϕi are the phase parameters corresponding to the respective
segment joints. To iteratively find the next segment joint and the corresponding phase parameter, ϕi+1 is increased until
|‖r(ϕi)− r(ϕi+1)‖−Δs|< c ·Δs ϕi,ϕi+1 ∈ [0,2π], ϕi+1 > ϕi (2)
is satisfied, where c was taken as 10−4. This is an approximation, because segments are measured on direct lines between joints,
rather than on the actual arc length of the ellipse. Because measuring the distance over the arc length would require solving
elliptic integrals iteratively, which cannot be done analytically anyway, and because the discretization length is much smaller
than the semi axes Δs<<min(a,b), which means that over the distance of Δs, the edge is nearly flat.
For both rectangle and ellipse, each of the segment joints is then displaced along the edge normal n(ϕi) by a distance ai, where
1
Figure 1. TEM plane-view micrograph of a typical sensor stack with tCu = 2.25 nm, tCoFe = 15 nm
ai are random values, drawn from a normal distribution with expectation value of 0 and a standard deviation of σ . The distorted
position of the segment joints is then given by
r ′(ϕi) = r(ϕi)+ain(ϕi). (3)
For the rectangular shapes (fig. 2b), the edge normal is trivially given by the unit vectors +ex, +ey, −ex and −ey for right, top,
left and bottom edge respectively. For the elliptical shapes (fig. 2a), the edge normal is given by
n(ϕi) =
1
‖n′(ϕi)‖n
′(ϕi) (4)
n′(ϕi) =
(
acosϕi
bsinϕi
)
(5)
Comparison annihilation and nucleation field between simulation and theory
If the external field is increased, the vortex core moves towards the disk edge, but is topologically stabilized as long as it
remains inside the disk. The critical field value at which the vortex is pushed out of the disk, is called the annihilation field
Ha. In the M(H) curve, the annihilation can be identified by a distinct jump towards saturation (see figs. 3 and 4, (a) to (b)),
because the magnetization changes to a uniform pattern where the magnetic moments are aligned with the applied field. If
the applied external field is decreased again, at some point the vortex state will start re-forming. The nucleation process is
typically not as sudden as the annihilation (see figs. 3 and 4, (d) to (f)). The field value at which a vortex state is reached again
(fig. 4f) is called the nucleation field Hn. Analytically, the critical fields of a vortex disk can be estimated by the rigid vortex
model2,3. The model is attributed ’rigid’ because energy terms are calculated under the assumption that the fieldless, remanent
state, where the vortex core resides in the center of the disk, is rigidly displaced under the influence of an external field, and the
magnetization is always aligned in concentric circles around the vortex core, even for fields near the annihilation field Ha. The
model predicts critical fields of
ha(β ,R) = 2a(β ,R) (6)
hn(β ,R) =
F1(β )
2
−2
(
Lex
R
)2
(7)
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(a) (b)
(c) (d)
(e) (f)
Figure 2. (a) & (b) To obtain micromagnetic models with edge roughness, elliptic and rectangular edges are discretized into
segments of equal length Δs. The respective joints are then displaced along the edge normal by random values Δr drawn from a
normal distribution with expectation value of zero, and a standard deviation of σ . The parameters of the edge roughness are
then given by Δs×σ . (c) & (d) outlines of the particles with distorted edge for a roughness of 5nm×5nm. (e) & (f) resulting
finite difference model for above shapes and a mesh of cubic cells with dimensions 5nm×5nm×5nm. Cells are included in
the model if the cell center is within the calculated outlines (see (c) & (d)) and excluded otherwise.
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Figure 3. Simulated Mx(Hx) curve of a soft-magnetic CoFe disk with D= 1600nm and t = 65nm.
(a) (b) (c)
(d) (e) (f)
Figure 4. Vortex magnetization patterns near the critical fields Han (a-c) and Hn (d-f). The corresponding points on the
Mx(Hx) curve are marked in fig. 3
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Figure 5. Nucleation- and annihilation fields over aspect ratio of thickness to diameter tD . Disks with diameters from 500nm
to 2μm have been simulated. The dashed lines are the critical fields predicted by the rigid vortex model2.
where Ha = μ0Msha, Hn = μ0Mshn, β is the aspect ratio given by the quotient of disk thickness t and disk radius R and Lex is
the exchange length given by
Lex =
√
2A
μ0M2s
(8)
where A is the exchange stiffness. The remaining terms in (6) are given by
a(β ,R) = F1(β )− 12
(
Lex
R
)2
(9)
F1(β ) =
∫ π
0
dt
t
f (β t)J21 (t) (10)
f (x) = 1− 1− e
−x
x
. (11)
J1 is the Bessel function of the first kind.
Figure 5 shows finite difference simulations of vortex disks with diameters from 500nm to 2μm and respective aspect
ratios tD of 0.01 to 0.1. The critical fields predicted by the rigid vortex model are drawn as dashed lines. For very thin disks, the
results of the micromagnetic simulations and the rigid vortex model are in very good agreement. As the samples get thicker, the
assumption that the vortex core can be described as a localized pillar is no longer accurate, which is reflected in the deviation
from rigid vortex model to simulation.
Zero crossing for tilted SW astroid
In this section we will derive an analytic equation for the field Hx that leads to Mx = 0 for a system where the direction of
the easy axis of the SW particle and the magnetization direction in the reference system has a finite angle. In the following
magnetization and field are expressed in cartesian coordinates, and all fields are of the form
H ext =
(
Ax · cos t
Ay · sin t
)
(12)
Easy axis tilt angles are assumed to be small (≤ 10◦) and are measured from the positive y-axis in a manner such that a positive
tilting angle ζ leads to an easy axis that lies in the second and fourth quadrant of the cartesian coordinate system. As discussed
in the paper the Mx(Hx) loop for a Stoner-Wohlfarth particle with a nonzero tilting angle ζ are different for up and down state.
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Figure 6. Geometric construction of H0(ζ ) for tilting angle ζ . H0 is found if we draw a tangent to the astroid, parallel to the
y-axis. All field vectors drawn from the origin to any point on the tangent, result in one magnetization state with Mx = 0 (in this
case the down state). It is interesting to note that the zero crossing of Mx does not depend on Hy, that a universal
zero-magnetization field Hx = H0 can be found and that H0 depends solely on the easy axis tilt angle ζ . The figure shows the
construction of H0 for positive Hx and the down state. This choice is completely arbitrary and only motivated by a preference
for the first quadrant. The same construction can be done in the other quadrants. The value of the zero-crossing field is given by
(19): H0 = Hk sin(ζ )cos(ζ )
The curves are deformed and separated from each other. Consequently the zero crossings of Mx for up and down state shift to
+H0 and −H0 respectively. In the main manuscript is is discussed that for a particular field value tangent to the SW - astroid
give the direction of the minimum energy states. For an untilted SW - astroid the only tangent that lead to Mx = 0 have to
pass the origin of the coordinate system. Hence, H0 = Hx = 0 has to be fullfilled for Mx = 0. In other words H0 is only a
condition for the x-component of the field, and is furthermore completely independent from the y-component of the external
field. The y-component of the external field is merely assumed to be in a region where the state, for which we are looking for a
zero-crossing, exists to begin with, i.e. where we can draw a tangent like in fig. 6a. To obtain a value for H0, we need to find
the tangential point of the tilted astroid, in the untilted cartesian coordinate system. In parametric form, the untilted astroid can
be described by
r ′ =
(
Hx
Hy
)
= Hk
(
cos3 t
sin3 t
)
t ∈ [0,2π] (13)
and that the tangent we are looking for (fig. 6a), has a slope of
k =− tan(π
2
−ζ ) (14)
The tangential point p′ on the astroid is found if we equate the first derivative of the astroid boundary with the slope of the
tangent.
dr′y
dr′x
=
dr′y
dt
dr′x
dt
=− sin
2 t cos t
cos2 t sin t
=− tan t (15)
− tan tp′ =− tan(
π
2
−ζ ) (16)
tp′ =
π
2
−ζ (17)
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in the untilted, primed system, the tangential point is therefore given by
p′ = r ′(tp′) = Hk
(
cos3 (π2 −ζ )
sin3 (π2 −ζ )
)
= Hk
(
sin3 ζ
cos3 ζ
)
. (18)
Simply rotating the system by −ζ yields the tangential point on the tilted astroid p.
p = R−ζ p′ = Hk
(
cosζ sinζ
−sinζ cosζ
)(
sin3 ζ
cos3 ζ
)
=
= Hk
(
sin3 ζ cosζ + cos3 ζ sinζ
−sin4 ζ + cos4 ζ
)
= Hk
(
sinζ cosζ
cos2ζ
)
Since, by definition, the tangent at the unprimed point p is now parallel to the y-axis, the field H0, where the magnetization
states have zero crossings, is directly given by the x-component of p.
H0 = Hk sinζ cosζ (19)
The sign of H0 depends on the tilting direction and whether the particle is in up or down state (Table 1).
ζ > 0 ζ < 0
up +H0 −H0
down −H0 +H0
Table 1. Sign of H0, depending on magnetization state and tilting direction.
Fundamental phase noise in a Stoner-Wohlfarth model
Free layer perpendicular to the pinned layer
In order to elucidate the origin of phase noise in SW-particles we discuss the response of a SW particle to rotating fields, where
the easy axis of the free layer is perfectly aligned parallel to the y-direction and the pinned layer magnetization is parallel to the
x-direction, as indicated in fig.7 (a). In this configuration, the sensor output is sensitive to the average magnetization direction
in the x- direction Mx. Exploiting the Stoner-Wohlfarth theory, the free layer is assumed to have homogeneous magnetization.
Exposed to an external rotation field Hext, as defined in (1) of the main manuscript, the free layer can only irreversibly switch
from up-state (My > 0) to down-state (My < 0) when the rotating field intersects the Stoner-Wohlfarth (SW) astroid4 illustrated
in fig.7 (a). Conveniently, the SW astroid (blue) can be defined as the envelope of ellipses (red) of the rotating field under the
constraint
Ax+Ay = const = μ0Hk (20)
with Hk as the anisotropy field. This gives us a theoretical relation for amplitudes of elliptical fields that are tangent to the
SW astroid and is thus barely sufficient to allow for the switching of states at T = 0. Since in the following phase noise plots,
we use Ay/Ax rather than Ay as the abscissa, we rearrange (20): and obtain
Ay
Ax
=
μ0Hk
Ax
−1 (21)
as the condition for fields tangent to the SW astroid, where Ax and Ay are the semi-axes of ellipses, which are oriented
parallel and perpendicular to the easy axis, respectively. Let us first discuss the free layer response if small fields are applied.
The field is sufficiently small so that it does not intersect the SW astroid. For the applied rotating field for a particular Hx value,
there are two opposing Hy components during one rotation cycle. As a consequence for one Hx component, there are two
different equilibrium Mx configurations, depending on whether the Hy component is parallel or antiparallel to My. This leads to
the Mx(Hx) curve as an open loop with a zero crossing at Hx = 0, as shown in fig.8 (a). The field where Mx = 0 is independent
of the initial state and remains zero for the up and down state. In fig.8 (b), the Mx component is shown as a function of time for
an initial up (cyan) and down magnetization (red). Due to different Hy components over time t, the two curves do not coincide.
However, the zero crossings Mx = 0 are independent of the state, as already mentioned before. Hence, no matter whether the
state points up or down, or even reverses due to thermal fluctuation from one state to the other, the zero crossings of the signal
remain constant, and no phase noise is expected. If larger rotating external fields are applied that intersect with the SW astroid,
the initial magnetization becomes irrelevant for the Mx(t) curve, since the field is sufficiently large to switch it in the field
direction after the field crosses the SW astroid the first time. As a consequence, the zero crossings are independent of the state
again, and phase noise is not observed.
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Figure 7. (a) Stoner-Wohlfarth astroids with external fields in units of Hk. The switching astroid for a Stoner-Wohlfarth
particle with an anisotropy field Hk can be constructed as the hull of all ellipses with a constant sum of semi-axes Ax + Ay =
const. = Ak. (b) A rotating field (red) that is almost tangent to the tilted Stoner-Wohlfarth astroid (Ax = 7.4 mT, Ay = 3.4mT, 0
Hk = 10 mT) in quadrant I is applied for tilting angle ζ = 10◦ The equilibrium magnetization of an initially up and down state is
shown by the cyan colored arrows at C2. The field is shown by the red arrow. The equilibrium position of the magnetization is
found if tangents to the astroid are drawn. The energy of the two equilibrium positions are shown in (c). The angle is the angle
between external field and magnetization. Since the field vector is close to the tangent the energy barrier separating the up and
down state is small.
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Figure 8. Response of the Mx component of the magnetization in the free layer if a rotating external field is applied with Ax =
Ay = 4.5 mT and 0 Hk = 10 mT. For the cyan and red curves, the particle is initialized in the up and down directions,
respectively. For (a) and (b), the angle between the y-axis and the easy axis is ζ = 0◦. For (c) and (d), ζ = 10◦. (a) and (c) show
Mx as a function of one component (Hx) of the applied field. (b) and (d) show the time evolution of Mx and the rotating field.
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Free layer not perpendicular to the pinned layer
The situation becomes different if the easy axis of the free layer is no longer exactly perpendicular to the pinned layer, which is
a realistic case due to alignment inaccuracy in the fabrication or annealing step. Let us assume that the pinned layer is still
oriented in the x-direction and discuss the situation, where the applied fields do not intersect the SW astroid. The Mx component
of the magnetization as a function of Hx is shown in fig.8 (c) for the case of an initial up state (cyan) and down state (red),
respectively. It can be seen that the zero crossing of Mx depends on whether the free layer is initially in the up or down state.
This behavior is also illustrated in fig. 8 (d), where Mx(t) is shown. Since we restrict the discussion here to small fields, the
free layer does not switch the state. This means that the zero crossing of the Mx is completely reproducible and leads to zero
phase noise. However, for given field amplitudes that are almost tangent to the SW astroid, as shown in fig.7 (b), the situation
becomes different. Let us assume that the external field (red) rotates counterclockwise in Fig. 3 (c). The tilting angle of ζ = 10◦
is arbitrarily chosen to visualize the phenomenon. A tilting angle up to a few degrees is plausible in reality. For fields that
intersect with the tilted SW astroid (blue), the particle will switch states when the field crosses the SW astroid boundary, beyond
which the current particle state is no longer an energy minimum. The outside regions of quadrants I and II correspond to the up
state, while quadrants III and IV correspond to the down state. Hence, when the field intersects the SW astroid in point C1, the
particle will be set to the down state. When the field gets close to the SW astroid, as in state (C2), the particle might switch
to the up state or may remain in the down state due to the stochastics of finite temperature5–7. A detailed description of how
finite temperature is included in the simulations by a kinetic Monte Carlo approach is given in the next section. The switching
probability depends on temperature, the rotation frequency, magnetic parameters, and the detailed field strength. Depending on
whether the free layer switches into the up state or remains in the down state, the response to the rotating field is different, as
discussed previously. Consequently, the zero crossing of Mx(Hx) happens at different external fields Hx and, hence, at different
times. The field Hx where the zero crossing occurs is given by (19), where ζ is the angle between the y-axis and the free layer
easy axis. The easy axis tilt angle is measured from the positive y-axis in such a manner that a positive tilting angle leads to an
easy axis that lies in the second and fourth quadrants of the Cartesian coordinate system. The sign of Hx depends on whether the
particle is in the up or down state. While (19) holds true for the up state, a negative sign has to be introduced for the down state.
Relation between detectivity D and minimum detectable field amplitudes
Let us assume that we want to detect a sinusoidal magnetic field Bz that oscillates with a fixed and known angular frequency ωi.
We aim to estimate the minimum amplitude B0 that can be detected within a certain measuring time T .
Bz (t) = B0 cos(ωit) (22)
Let us assume we detect the magnetic field with a field sensor that has in the considered linear range of the sensor a constant
sensitivity dV/μ0dHext. Then the induced voltage due to the magnetic field is given by,
u(t) = B0
dV
μ0dHext
cos(ωit) = u0 cos(ωit) (23)
In addition to the signal, a noise n(t) is assumed, leading to the total signal
utot (t) = u0 cos(ωit)+n(t) (24)
In the following we assume that the noise n(t) is white noise with the properties
〈n(t)n(t+ τ)〉= σ2n δ (τ) (25)
σ2n is connected with the spectral density, that is defined as
SV =
1
2π
∞∫
−∞
〈n(t)n(t+ τ)〉e−iωτdτ (26)
Which leads for white noise to the relation
SV =
σ2n
2π
(27)
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Let us assume we measure the total signal with a lock – in amplifier, as an example of the most narrow band path filter as
possible. Then the output due to the signal is given by
Ssignal =
1
T
T∫
0
u(t)cos(ωit)dt =
1
T
T∫
0
u0cos2 (ωit)dt =
1
2
u0 (28)
The output of the lock – in amplifier due the noise is
Snoise =
1
T
T∫
0
n(t)cos(ωit)dt (29)
In order to resolve the output Snoise from the noise, it is required that the standard deviation of the noise output σ(Snoise) is
smaller than the signal. The lowest amplitude u0 that can be distinguished from zero within the confidence limit of 1 % is given
by8,
3σ (Snoise)< Ssignal (30)
In order to calculate σ(Snoise) we introduce a measuring time that is a multiple of the signal period,
T = kτsig (31)
with
ωi =
2π
τsig
(32)
leads to
Snoise =
1
T
T∫
0
n(t)cos
(
2π
τsig
t
)
dt =
1
kτsig
kτsig∫
0
n(t)cos
(
2π
τsig
t
)
dt (33)
In order to calculate the standard deviation of the random variable Snoise, we rewrite (29) with a Wiener Process
dSnoise =
1
kτsig
cos
(
2π
τsig
t
)
σndW (34)
with variance σ2n . We obtain for t = kτsig
σ (Snoise) =
σn√
2kτsig
=
√
πSV
kτsig
(35)
Hence, the minimal signal amplitude u0 that can be detected within a confidence limit of 1% is given by,
3
√
πSV
kτsig
<
1
2
u0 (36)
which can be written with the detectivity D as:
6D
√
π
T
≈ 10D√
T
< B0 (37)
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